flO-MCfi  2S2 
UNCLnSSIFIED 


CONCEPTUAL  STUOV  OF  THE  LB/TS  <LBRQE  BLHST/THERNBL  1/3 

SINULflTOR)  INSTRUNENTR.  .  <U>  SVERDRUP  TECHNOLOOV  INC 
TULLAHONA  TN  R  F  STARR  ET  AL.  12  SEP  84  DNA-TR-84-348 
DNA8Bl-83-C-a414  F/G  14/2  NL 


AD-A166  252 


CONCEPTUAL  STUDY  OF  THE  LB/TS  INSTRUMENTATION, 
DATA  ACQUISITION  AND  FACILITY  CONTROLS  SYSTEM 


Sverdrup  Technology,  Inc. 
P.O.  Box  884 
Tullahoma,  TN  37388 


12  September  1984 


Technical  Report 


DTIC 


CONTRACT  No.  DNA  001-83  C-0414 


Approved  for  public  release; 
distribution  is  unlimited. 


THIS  WORK  WAS  SPONSORED  BY  THE  DEFENSE  NUCLEAR  AGENCY 
UNDER  RDT&E  RMSS  CODE  B34 5083466  G55AMXGR00007  H2590D 


■  ■ -j 

r-;. 


Prepared  for 
Director 

DEFENSE  NUCLEAR  AGENCY 
Washington,  DC  20305-1000 


OTir,  f'li  COPY 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


REPORT  DOCUMENTATION  PAGE 


1a  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 

N/A  since  Unclassified 


2b  OECLASSIFJCATJON/DOWNGRAOING  SCHEDULE 

N/A  since  Unclassified 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 


6a  NAME  OF  PERFORMING  ORGANIZATION 

Sverdrup  Technology,  Inc. 


6c  ADDRESS  (Gty,  State,  and  ZIP  Code) 

P.O.  Box  884 
Tullahoma,  TN  37388 


aa  NAME  OF  FUNDING /SPONSORING 
organization 


8c  ADDRESS  rCfty,  State,  end  ZIP  Code) 


6b  OFFICE  SYMBOL 
(If  appUcitUt) 


8b  OfPICE  SYMBOL 
(U  ipplicsbie} 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution 
is  unlimited. 


5  MONITORING  ORGANIZATION  REPORT  NUM8ER(S) 

DNA-TR-84-340 


7a  NAME  OF  MONITORING  ORGANIZATION 

Director 

Defense  Nuclear  Agency 


7b  ADDRESS  (City,  Stttt.  tnd  ZIP  Code! 


Washington,  DC  20305-1000 


9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


DNA  001-83-C-0414 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO 

62715H 


PROJECT 

NO 

G55AMXG 


WORK  UNIT 
ACCESSION  NO 

DH006824 


11  Title  (include  Security  Classification) 

CONCEPTUAL  STUDY  OF  THE  L3/TS  INSTRUMENTATION,  DATA  ACQUISITION  AND  FACILITY  CONTROLS  SYSTEM 


1Z  personal  AUTHOR(S) 

Starr,  R.  F. ;  Taylor,  J.  L.;  Boylan,  0.  E.;  Brasier,  C.  W.;  Varner,  M.  0.;  Zaccardi,  V.  A. 


13a  TYPE  OF  REPORT  13b  TIME.COVERED  14  DATE  OF  REPORT  (Yur,  Month,  Diy)  J5  PAGE  COUNT 

Technical  Report  from  830914  to  840531  840912  254 


16  SUPPLEMENTARY  NOTATION 

This  work  was  sponsored  by  the  Defense  Nuclear  Agency  under  RDT&E  RMSS  Code 
B345083466  G55AMXGR00007  H2590D. 


17  COSATI  COOES  |  18  SUBJECT  TERMS  (Continue  on  reverse  if  necesjary  and  identify  by  blotik  number) 

Impulse  Facilities  Data  Acquisition  Systems 
2  I  iBlast  Waves  Physical/Intrusive  Sensors 

Instrumentation  •  Thermal  Radiation  Simulators 


19  abstract  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

A  conceptual  study  of  a  comprehensive  instrumentation,  data  acquisition  and  control  system 
supporting  the  Large  Blast/Thermal  Simulation  Facility  (LB/TS)  addressing  physical  sensors; 
optical  sensors,  data  acquisition,  reduction,  and  display;  facility  controls;  calibration 
systems;  software,  interface  hardware;  and  associated  equipment  is  described.  Physical  sen¬ 
sors  for  measurement  of  pressure,  temperature,  heat  flux,  strain,  displacement,  and  acceler¬ 
ation  are  discussed.  Over  ten  candidate  optical/non-intrusi ve  measurement  systems  are 
evaluated  for  temperature,  displacement,  flow  velocity,  and  other  measurements. 

Three  basic  data  acquisition  systems— a  conventional  digital  system,  an  analog  tape  system 
and  a  hybrid  analog/digital  system— are  evaluated  to  acquire  process  data  from  over  100 
blast  wave,  flow  field,  thermal  radiation  simulator  (TRS),  and  target  response  sensors.  A 
system  for  monitoring  of  the  facility  status  :  d  control  of  the  facility  operation  is  also 
described.  The  complete  sensor,  data  acquisition,  and  control  system  as  developed  in  this 
study  will  be  state-of-the-art  in  FY87  and  provide  for  robust,  durable  operation  in  the 


;3  OlSTBIBUT  ON  AVAILABILITY  OF  ABSTRAC*  Z1  ABSTRACT  SECURITY  CLASSIFICATION 

□  UNCLASSiFiEO/UNLiMITED  DQ  SAME  AS  RPT  □  OTIC  USERS  UNCLASSIFIED 


2b  telephone  (Include  Area  Code) 

(202)  325-7042 


2Za  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Betty  L.  Fox 


00  FORM  1473, 84  MAR 


83  APR  edition  may  be  used  until  eitnausted 
All  other  editions  are  obsolete 


security  classification  op  this  page 
UNCLASSIFIED 


I 


SUBJECT  TERMS  (Continued) 

Optical/Non-Intrusive  Measurement  Systems 
ABSTRACT  (Continued) 

'  high-enthalpy,  impulse  environment  of  the  LB/TS. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


i 

ki 

L 


C 

w 


[ 

k 


* 

I 


TABLE  OF  CONTENTS 


Section 

List  of  Figures . 

List  of  Tables . 

1  I  ntroduction . 

2  Characterization  of  the  LB/TS  Flow  and  Thermal 

Environment . 

3  Survey  of  Physical/Intrusive  Sensors . 

4  Survey  of  Optical/Non-Intrusive  Sensors.  .  .  . 

5  Survey  of  Data  Acquisition  Systems . 

6  Facility  Control  and  Status  Monitoring  System  . 

7  System  Concept  Plan . 

8  Conclusions  . . 

References  . 

Appendix 

A  Intrusive  Sensor  Specifications  Applicable 

to  tue  LB/TS  Facility . 

B  Bibliography . 


1 


11 

29 

56 

96 

105 

no 

128 

131 


I 


Accesion  For 

— ^ — 

NTIS  CRA&I 
DTIC  TAB 

U,;anpojr,ced 

Jai>tjfiCijtiori 

a 

□ 

By 

Out  lb 

itio  ;/ 

Availflt-'lily  f:o,:cs  j 

Oist 

AV*It|  (j  ^ 

wpt^C'ul 

lii 

1 1  I 


LIST  OF  FIGURES 


Qualitative  Wave  Diagram  of  Facility  Flow  Field  .  . 

Nominal  Time  Line  LB/TS . 

Sample  Pressure-Time  History  Calculation  for 
the  LB/TS  . 

Typical  TRS  Heat  Flux  Time  History . 

Assumed  LB/TS  Area  Variation . 

Normalized  Static  Pressure  in  the  Driven  Tube  . 

Normalized  Total  Pressure  in  the  Driven  Tube 

Normalized  Total  Temperature  in  the  Driven  Tube 

Normaiized  Static  Temperature  in  the  Driven  Tube 

Normalized  Gas  Velocity  in  the  Driven  Tube  .  .  . 

Flat  Plate  Heat  Flux  for  Turbulent  Flow  on  a 
0.3  Meter  Flat  Plate . 

Stagnation  Heat  Flux  on  a  0.3  Meter 

Diameter  Sphere . 

Configuration  of  the  Differentia!  Pressure 

Gage  for  Blast  Wave  Measurements . 

Thermocouple  Output  vs.  Temperature . 

Design  of  Stagnation  Temperature  Probe . 

Chromel  -  Constantan  Coaxial  Surface 
Thermocouple . 

Concept  Developed  by  Rockwell  International  for 
Gas  Temperature  Measurement  (Reference  3.2)  .  . 

Force  Balance  Detail  Suitable  for  Target  Response 
Measurement  . 


^  ■  V."  ^  V  7 v  w  V  y  V  ^  *  v.^ ' '  ^v  WJ^  WJ  W-J  S 


LIST  OF  FIGURES  (Continued) 


‘.-;»7:vr<'« 

t',-  '.■  •  * 


igure 

19  Thermovision  Camera  and  Scanning  Optics 

Configuration . 

20  Thermovision  System . 

21  Single-  and  Two-Color  Pyrometer . 

22  Wavelength  (Two-Color)  Radiometer  .  .  .  . 

23  Circular  Variable  Filter  Radiometer 

Components  . 

24(a)  Flash  X-Ray  Installation . 

24(b)  Block  Diagram  of  System  installation.  .  .  . 

24(c)  Block  Diagram  of  IRT  IRIS  Digital 

Radiography  System . 

25(a)  Block  Diagram  of  LV  System . 

25(b)  LV  Measurement  Volume . 

25(c)  LV  Signal-Particle  Velocity  Proportional 

to  Signal  Period . 

25(d)  Tolerance  on  Mean  Velocity  Versus  Sample 
Size  for  2o  Confidence  Level . 

26  High  Speed  Camera  System  Installation 

(Orthogonal  View) . 

27  Moire'  Camera . 


28  Moire'  Fringes  on  a  Car  Fender . 

29  Digital  Data  Acquisition  System . 

30  Analog  Tape  System . 

31  Hybrid  Data  System . 

Facility  Control  and  Status  Monitoring  System 


32 


LIST  OF  FIGURES  (Concluded) 


Figure  Page 

33  Integrated  Data  Acquisition  and  Control  System  ....  Ill 

34  Proposed  Data  Acquisition  System . 112 

35  Representative  System  Operating  Console .  122 

36  LB/TS  System  Acquisition  Process . 125 

LIST  OF  TABLES 

Table 

1  Candidate  LB/TS  Measurements  Required  for 

Target  Data  Acquisition  and  Facility  Control .  3 

2  Requirements  for  Optical  Measurement  Systems .  6 

3  LB/TS  Data,  Control,  and  Monitor  System .  7 

4  Data  Acquisition  System  Survey  Constraints 
(Values  Selected  as  Basis  for  System 

Evaluation  Only) .  8 

5  LB/TS  Test  Data  Characterization .  28 

6  Pressure  Sensor  Requirements  and  Specifications  ....  31 

7  Comparison  Chart  of  Various  Temperature 

Sensors  (Prepared  by  HY-CAL  Engineering) .  36 

8  Temperature  Sensor  Requirements  and 

Specifications .  39 

9  Heat  Flux  Sensor  Requirements .  45 

10  Strain,  Displacement,  and  Acceleration 

Sensor  Requirements .  50 

11  Intrusive  Sensor  Summary .  55 

12  Individual  Channel  Sampling  Rates  Required .  97 

13  Sampling  and  Data  Volume  Requirements .  98 

14  LB/TS  Sensor,  Data  Acquisition,  and 

Facility  Control  System  Cost .  126 


SECTION  1 
INTRODUCTION 


A  large  facility  capable  of  simulating  the  combined  thermal  and 
blast  effects  of  tactical  nuclear  and  other  explosions  is  being  evaluated 
by  the  Defense  Nuclear  Agency.  The  Large  Blast/Thermal  Simulator 
Facility  (LB/TS)  is  a  shock  tunnel  facility  consisting  of  large,  high- 
pressure  drivers;  fast-acting  diaphragms  or  valves;  a  long,  large, 
noncircular  cross-section  driven  tube;  an  active  rarefaction  wave  elimi¬ 
nator;  and  a  number  of  thermal  radiation  simulators  (TRS).  High- 
enthalpy,  high-pressure  impulsive  flows,  with  significant  transients  of  a 
few  microseconds  rise  time,  important  measurement  phenomena  occurring 
over  microseconds,  and  an  overall  operating  period  of  only  a  few 
seconds  are  generated.  Operating  parameters  in  the  facility  such  as 
driver  pressure,  driver  length,  driver/driven  area  ratio  and  driver 
temperature  are  varied  over  a  wide  range  to  simulate  important  features 
of  tactical  nuclear  blast  waves,  thermal  radiation,  and  target  response. 
Variable  yield  explosions  and  target  response  at  various  distances  from 
the  point  of  explosion  can  be  simulated.  A  qualitative  wave  diagram  of 
the  flow  field  variations  with  time  through  the  LB/TS  is  shown  below  in 
Figure  1 . 


Figure  1.  Qualitative  wave  diagram  of  facility  flow  field. 


The  instrumentation  systems  supporting  the  operation  of  this 
facility  must  be  capable  of  providing  measurements  which: 

•  characterize  all  important  parameters  of  the  flow  and  TRS 
such  as  static  pressure,  dynamic  pressure,  velocity,  static 
and  total  temperature,  radiant  energy,  total  heat  flux,  and 
enthalpy 

•  characterize  important  aspects  of  target  response  such  as 
pressure  distribution;  temperature  distribution;  heat  flux; 
component  loading,  strain,  and  deflection;  component  and 
whole  body  acceleration,  vibration,  and  motion 

•  are  resolved  in  time  with  response  sufficient  to  characterize 
ail  essential  changes  within  the  period  of  important  flow 
variations 

•  are  operable  under  harsh  thermal  and  blast  conditions  in  a 
non -laboratory  environment  with  reliable,  traceable  calibration 
and  reference  standards 

It  is  vital  that  innovative  approaches  to  data  acquisition  be  evaluated  in 
developing  a  facility  plan  to  incorporate  all  of  the  rapid  advances  which 
are  occurring  in  both  optical  and  physical  sensors  and  data  acquisi¬ 
tion/processing  systems.  The  LB/TS,  though  unique,  can  adapt  a 
number  of  these  current  developments  to  produce  a  high-enthalpy 
impulse  facility  instrumentation  system  which  is  superior  to  any  pre¬ 
sently  available.  The  instrumentation  and  facility  control  concept  plan 
which  is  developed  must  also  be  sufficiently  versatile  for  research, 
development,  and  routine  proof  testing  of  a  wide  variety  of  military 
targets . 

The  first  task  of  the  project  involved  the  survey  of  possible 
physical  sensors,  optical  sensors,  and  data  acquisition  and  control 
systems  and  assessment  of  current  availability  of  equipment  and  com¬ 
ponents  which  meet  the  LB/TS  measurement  requirements.  The  candi¬ 
date  requirements  are  listed  in  Table  1  and  involve: 

•  pressure,  temperature,  displacement,  and  other  measurements 
needed  for  control  and  status  monitoring  of  the  facility  and 

its  operating  subsystems 

•  pressure,  temperature,  heat  flux,  ■■nd  other  measurements  of 
the  blast  wave,  flow  field,  and  TRS 

•  pressure,  temperature,  heat  flux,  strain,  displacement,  and 
acceleration  of  the  target  itself 

Actual  measurement  requirements  for  the  system  must  be  finalized  after 
ongoing  facility  configuration  studies  are  completed. 


Table  1.  Candidate  LB/TS  measurements  required  for  target  data  acquisition 

and  facility  control 


1.  Measurements  for  Facility  Control  and  Status/Performance 
Monitoring 

1 . 1  Pressure 

•  Charge  Pressure  in  each  Driver  Tube 

•  Pressure  in  Nitrogen  Drivers  associated  with  TRS 
«  TRS  Liquid  Oxygen  Supply  Pressures 

•  Atmospheric  Reference  Pressure 

•  Miscellaneous  Pressures  m  other  Subsystems 

1 . 2  Temperature 

•  Gas  Temperature  in  Driver  Tubes 

•  TRS  Liquid  Oxygen  Supply 

•  TRS  Pilots 

•  Gas  Temperature  in  the  TRS  Vent  System 

•  Miscellaneous  Temperature  in  other  Subsystems 

1.3  Displacement  Measurements 

•  TRS  Vent  Positions  (sliding  door) 

•  Rarefaction  Wave  Eliminator  (RWE)  Vane  Positions 

•  TRS  Valve  Positions;  LOX,  AL,  Nj  Solenoid  and  Control 

Valve  Positions 

1.4  Air  Compressor  System  Control 

•  Valve  Positions 

•  Pressure  Control 

•  Compressor  Status  Monitors 

2.  Measurement  of  Blast  Wave  and  Flow  Parameters 

2.1  Pressure  Instrumentation 

•  Wall  Pressures  for  Signature  and  Arrival  Time 
Determination 

•  Strain  Gage  and  Piezioelectric  Pressure  Transducers  for 
Diffraction  Period 

•  Strain  Gage  Pressure  Transducers  for  Drag  Phase 

•  Differential  Pressure  Probes 

•  Stagnation  Pressure  Probe 

2.2  Flow  Velocity  Instrumentation 

•  Laser  Doppler  Velocimeter  (During  Drag  Phase) 

2.3  Density,  Inferred  Density,  Enthalpy,  Other 

•  Stagnation  Heat  Flux 

•  Shadowgraph 
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Table  1.  Candidate  LB/TS  measurements  required  for  target  data  acquisition 

and  facility  control  {Concluded) 

2.4  Temperature  (to  be  used  during  thermal  pulse  also) 

•  Aspirating  Thermocouples  for  Stagnation  and/or  Static 
T  emperatu  re 

•  Film  Thermocouples 

3.  Measurement  of  the  Input  Thermal  Pulse  (associated  with  the  TRS) 

•  Flux  Meters  (Calorimeter,  Coaxial  Gages,  etc.) 

•  Optical  Pyrometer,  Two  Color,  Reference  Measurement  for 
each  TRS 

4.  Measurement  of  Target  Response 

4.1  Pressure  Distribution  on  Target 

4.2  Structural  Strain  and  Displacement  Measurements 

4  2  1  Strain  Gages 

4.2  2  Displacement  Gages 

•  Mechanical  -  Potentiometer 

•  Electrical  -  Eddy  Current 

4.2.3  Optical  Displacement 

•  Pulsed  X-Ray 

•  Floroscopic  ,X-Ray 

•  Moire 

•  OPTRON  Displacement  Follower 

4.2  4  Accelerometers 

4.3  Skin  Temperature,  Surface  Heat  Flux 

•  Thermocouples,  Backside 

•  Surface  Heat  Flux;  Surface  Temperature  or  Others 

•  Optical  Pyrometers;  Multiple  Points  or  Surface 
Distribution 

4.4  Rigid  Body  Motion  (Primary  Drag  Phase) 

•  High-Speed  Photography 

•  Inertial  Acceleration  Measurements 

•  X-Ray 


Each  of  the  measurement  requirements  involving  physical  sensors 
are  addressed  in  Section  3.  A  specific  list  of  the  ten  primary 
optical/non-intrusive  measurements  which  are  discussed  in  Section  4  is 
given  in  Table  2.  The  parameters  to  be  measured,  anticipated  level 
of  each  parameter,  and  time  response  required  are  noted. 

Additional  systems  which  permit  data  acquisition,  facility  control, 
facility  monitoring,  data  reduction,  data  display,  and  data  archival,  and 
which  facilitate  overall  LB/TS  operation  are  listed  in  Table  3.  The  data 
acquisition  subsystem  (Item  1,  Table  3)  is  discussed  in  Section  5  of  this 
report  and  the  facility  control  subsystem  is  discussed  in  Section  6.  In 
completing  this  survey,  the  number  of  channels  and  minimum  sample 
rate  for  each  channel  for  the  four  measurement  categories  were  estab¬ 
lished  as  shown  in  Table  4.  The  number  of  channels  and  sample  rates 
shown  do  not  represent  requirements  for  the  LB/TS  but  rather  define  a 
baseline  system  against  which  comparative  evaluations  are  made.  These 
form  the  basis  for  evaluating  digital,  analog,  and  hybrid  analog-digital 
data  acquisition  and  control  systems. 

In  completing  the  sensor  and  data  acquisition  system  survey,  a 
nominal  time  line  for  the  operation  of  the  LB/TS  was  developed  as 
shown  in  Figure  2.  The  measurements  and  control  events  required  to 
pressurize  the  drivers  would  be  followed  by  a  short  sequence  to  ignite 
the  five  (nominal)  TRS.  Burn  time  of  the  TRS  will  be  variable  over  a 
period  from  about  one  to  five  seconds  to  produce  the  radiant  heat  flux 
and  fluence  of  the  blast  being  simulated.  After  termination  of  the  TRS 
burn,  a  variable  delay  period  of  one  to  three  seconds  (nominal)  would 
precede  rupture  of  the  diaphragms  to  initiate  blast  flow.  The  delay 
period  would  simulate  variable  distance  from  ground  zero.  About 
one-half  second  after  rup'ure  of  the  diaphragms,  the  blast  wave  will 
impinge  on  the  target  with  a  short  diffraction  period  (approximately 
10  msec  in  duration,  dependent  on  target  size)  in  which  the  blast  wave 
passes  over  the  target  followed  by  a  longer  drag  phase  of  up  to  2 
seconds  in  duration.  Data  acquisition  periods  are  shown  in  the  lower 
portion  of  Figure  2. 


Table  2.  Requirements  for  optical  measurement  systems 


Table  3.  LB/TS  data,  control,  and  monitor  system. 


1.  Data  Acquisition  System 

•  High-Speed  Analog  Tape 

•  High-Speed  Digital  Recorders 

•  Signal  Conditioning 

2.  Data  Reduction  Data  Display,  and  Data  Archival  System 

•  Data  Reduction  Minicomputer 

•  Plotters 

•  Disc  Storage 

•  Printers 

•  Graphics  Terminals 

•  Digital  Photo  Image  Analyzer 

3.  Facility  Control  Minicomputer  System 

•  Status  Monitoring 

•  Interlocks 

•  Sequencing 

•  Open -Loop  Control 

•  Closed-Loop  Control 

4.  Experimental  and  Safety  Observation  Equipment 

•  Video  Cameras 

•  Acoustic  Monitors/Recorders 
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Tablfl  4.  Data  acquisition  systsm  survey  constraints. 
(Values  selected  as  basis  for  system  evaluation  only) 


MCASUaiMBNT  CATBCOSY 

NUMI 

lER  OF  CHAN 

NELS 

MINIMUM 

SAMPLE 

RATE. 

KHs 

MAXIMUM 

MEDIUM 

MINIMUM 

1.0  FACIUTV  MEASUaSMfNTS 

DRIVER  PRESSURES 

10 

10 

10 

TRS  NITROGEN  PRESSURES 

S 

S 

2 

TRS  LOk  SUPPLY  PRESSURES 

B 

B 

2 

ATMOSPHERIC  REFERENCE 

1 

1 

1 

DRIVER  GAS  TEMPERATURE  (TC) 

21 

14 

10 

GAS  SUPPLY  TEMPERATURE  (TC) 

B 

B 

B 

PILOT  TEMPERATURE  (TC) 

B 

S 

S 

VENT  GAS  TEMPERATURE  (TC) 

S 

8 

B 

VENT  POSITION 

B 

B 

5 

RWE  POSITION 

3 

3 

3 

VALVE  POSITIONS 

IB 

18 

10 

MISCELLANEOUS 

20 

12 

12 

SUBTOTAL 

100 

SB 

70 

2.0  PLOW  ENViaOMMEMT  MEASUREMENTS 

WALL  PRESSURES 

20 

IB 

10 

50 

DIFFRACTION  PHASE  PRESSURE  (FAST  RESP.) 

B 

B 

3 

250 

DRAG  PHASE  PRESSURES  (MODERATE  RESP.) 

B 

3 

3 

20 

DIFFERENTIAL  PRESSURE  PROBES 

B 

B 

3 

250 

STAGNATION  PRESSURE  PROBES 

2 

2 

2 

250 

STAGNATION  HEAT  FLUX  (TC) 

3 

3 

3 

20 

FLOW  TEMPERATURE  (TC) 

B 

3 

3 

20 

SUBTOTAL 

4S 

37 

27 

3.0  THERMAL  INPUT  MEASUREMENTS 

HEAT  FLUX  GAGES  (TC) 

S 

S 

8 

1 

THERMOCOUPLES 

10 

10 

10 

RADIANT  HEAT  FLUX  GAGES 

10 

10 

8 

20 

OTHER  (OPTICAL  PYROMETER) 

s 

s 

5 

SUBTOTAL 

30 

30 

28 

4.0  TARGET  RESPONSE  MEASUREMENTS 

PRESSURE  DISTRIBUTION 

30 

IS 

10 

50 

STRUCTURAL  STRAIN 
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Figure  2.  Nominal  time  line  LB/TS. 


The  final  task  of  the  project  involved  the  selection  of  a  con¬ 
figuration  for  the  sensor,  data  acquisition,  and  control  (SDAC)  system 
which  best  meets  the  unique  requirements  of  the  LB/TS.  This  compre¬ 
hensive  system,  including  functional  block  diagrams,  is  discussed  in 
Section  7. 
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SECTION  2 

CHARACTERIZATION  OF  LB/TS  FLOW  AND  THERMAL  ENVIRONMENT 

2.1  DESCRIPTION  AND  PERFORMANCE  RANGE 

OF  THE  LB/TS  FACILITY. 

The  LB/TS  facility  is  a  shock  tube  configuration  consisting  of  a 
series  of  from  seven  or  more  drivers  whose  gas  is  expanded  into  a 
driven  tube.  The  test  region  is  near  the  end  of  the  driven  tube.  At 
the  writing  of  this  report  the  overall  geometry  of  the  LB/TS  had  not 
been  completely  specified.  For  purposes  of  this  study  however,  a 
nominal  configuration  will  be  identified  whose  characteristics  will 
ultimately  define  nominal  aerodynamic  and  thermal  environmental 
parameters . 

The  LB/TS  consists  of  a  driver  section  as  described  in  the  pre¬ 
ceding  paragraph,  a  diaphragm  or  fast-acting  valve  section  which 
separates  the  driver  gas  from  the  driven  tube  gas.  Upon  initiation  of 
the  valves  or  rupture  of  the  diaphragm,  the  high-pressure  driver  gas 
expands  through  an  opening  into  conical  diffusers  and  into  the  driven 
tube.  Half-angle  of  the  diffusers  is  approximately  16  degrees. 
Reference  2.1.  The  orimary  shock  wave  moves  down  the  driven  tube 
followed  by  a  high-pressure  region  of  expanding  and  interacting  driver 
gases.  For  the  purposes  of  this  study  it  will  be  assumed  that  the 
driven  tube  is  nominally  300  meters  or  1,000  feet  in  length  with  a 
cross-sectional  area  of  nominally  165m^.  At  the  end  of  the  driven  tube 
is  an  active  rarefraction  wave  eliminator  (RWE)  to  tailor  the  reflected 
wave  so  that  an  accurate  simulation  of  the  blast  wave  structure  may  be 
maintained  in  the  test  region. 

In  order  to  simulate  the  thermal  environment  of  a  high-yield  blast, 
a  thermal  radiation  source  (TRS)  is  located  just  upstream  of  the  test 
region.  The  thermal  radiation  source  consists  of  five  or  more  flames 
normal  to  the  driven  tube  axis.  These  flames  use  LOX  and  aluminum 
powder  to  create  a  high-temperature,  radiant,  optically  dense  medium. 

Nominal  performance  design  conditions  have  been  identified  for  the 
LB/TS  characterizing  both  the  aerodynamic  and  the  thermal  radiation 
environment.  Driver  pressures  and  driven/driver  tube  geometries  must 
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be  structured  so  that  shock  overpressures  are  maintained  at  a  maximum 
of  nominally  240  kPa  or  35  psi.  To  achieve  this  condition  approximately 
a  150-bar  driver  pressure  is  required  with  the  driven  tube  operating  at 
atmospheric  conditions.  A  typical  pressure  trace  is  shown  in 
Figure  3  which  represents  calculations  made  by  U.S.  Army  Ballistic 
Research  Laboratory,  Aberdeen  Proving  Ground,  Maryland,  for  a  typi¬ 
cal  U.S.  LB/TS.  This  pressure  history  includes  a  RWE  to  tailor  reflec¬ 
tions  from  the  tube  end  and  maintain  the  pressure  decay  behind  the 
shock  as  a  function  of  time.  The  form  of  this  calculated  pressure 
versus  time  curve  i<^  representative  of  the  conditions  expected  in  the 
LB/TS  at  the  desired  operating  conditions.  In  addition,  driver  gas 
temperature  may  be  increased  to  provide  better  matching  of  desired 
wave  structures. 

The  TRS  as  described  earlier  is  designed  to  produce  a  source  flux 
of  nominally  100  calories  per  centimeter  squared  per  second  with  a 
fluence  ranging  from  100  to  500  calories  per  centimeter  squared.  The 
color  temperature  of  the  LOX  flame  is  estimated  to  be  nominally 
3000  degrees  Kelvin.  Data  from  a  recent  TRS  test  is  shown  in 
Figure  4  which  is  a  working  model  of  the  full  TRS  system.  As  can  be 
seen,  the  flux  is  nonstationary  in  time.  Gas  from  the  TRS  during  the 
burn  is  drawn  off  at  the  top  of  the  test  section  to  eliminate  the  burnt 
gas  residues  from  the  test  region  so  that  the  aerodynamic  blast  wave  is 
not  contaminated.  The  TRS,  in  a  normal  sequence  of  events,  will  be 
ignited  before  the  aerodynamic  blast  front  has  reached  the  test  region 
within  the  driven  tube  as  shown  in  the  bar  chart  in  Figure  2. 

2.2  DEFINITION  OF  AERODYNAMIC  AND  THERMAL  DATA  RANGES. 

In  order  to  define  the  aerodynamic  range  of  the  LB/TS,  some 
sample  calculations  were  made  using  a  Sverdrup  shock  tube  code.  A 
brief  writeup  of  the  shock  tube  code  is  given  in  the  following  para¬ 
graphs.  The  area  distribution  utilized  in  the  sample  calculation  is 
shown  in  Figure  5  where  it  was  assumed  that  no  rarefraction  wave 
eliminator  was  present  (driven  tube  very  long).  All  lengths  referred  to 
in  the  following  figures  are  normalized  by  the  driven  tube  length  with 
areas  normalized  by  the  test  section  area  of  165  meters  squared. 
Sample  calculations  were  based  on  an  instantaneous  diaphragm  break 
with  equal  driver  and  driven  tube  gas  temperatures. 
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The  numerical  solution  algorithm  utilized  in  the  present  shock  tube 
code  is  based  on  flux  splitting  the  governing  one-dimensional  equations 
written  in  partial  differential  form.  The  application  of  this  technique, 
which  will  be  described  in  the  following  paragraphs,  is  an  outgrowth  of 
the  MacCormack  explicit/implicit  approach  described  in  References  2,2 
and  2  3. 

Over  the  past  15  years  considerable  progress  has  been  made  in  the 
development  of  implicit  and  explicit  solution  algorithms  to  accurately 
define  hyperbolic  flow  fields  where  large  perturbations  of  the  flow  are 
present.  Early  transient  studies  utilized  the  explicit  algorithm  to  track 
transient  flows.  The  MacCormack  explicit  algorithm  is  a  two-step 
predictor/corrector  technique.  The  flowfield  solution  is  updated  after 
each  predictor  and  corrector  step  utilizing  grid  sweeps  in  alternate 
directions.  The  result  of  this  approach  is  that  second-order  accuracy 
IS  achieved  while  using  only  first-order  spatial  differencing  and  first- 
order  Taylor  series  expansions  m  time.  This  explicit  method,  as  in  all 
explicit  methods,  contains  a  stability  restriction  which  restricts  the  size 
of  the  allowable  time  step  as  constrained  by  the  Courant-Fredrichs-Lewy 
(CFL)  criteria.  This  allowable  maximum  step  is  governed  by  the  grid 
density,  local  flow  velocity,  and  local  speed  of  sound. 

The  MacCormack  implicit  technique  is  a  two-step  extension  of  the 
1969  predictor/corrector  explicit  technique.  Utilizing  the  implicit 
technique,  CFL's  greater  than  one  can  be  routinely  exercised  over  part 
or  all  of  the  grid.  The  implicit  technique  utilizes  as  its  basis  the 
explicit  solution  of  the  governing  equations  based  on  the  explicit 
algorithm  of  MacCormack.  The  second  stage  of  the  implicit  technique 
removes  the  CFL  stability  criteria  by  numerically  transforming  the 
governing  equations  into  an  equivalent  implicit  form  which,  in  general, 
requires  a  bidiagonal  solution  scheme.  This  new  implicit  technique  has 
found  wide  application  in  a  variety  of  aerodynamic  flows. 

In  spite  of  the  algorithm  speed  and  simplicity  of  the  implicit 
technique,  errors  exist  when  tracking  shocks  which  occur  in  shock  tube 
transients.  For  moving  shocks  which  are  not  centered  in  a  grid  cell. 


"solution  noise"  can  result  in  the  vicinity  of  the  shock  due  to  the  flux 
imbalances  across  the  shock.  When  the  grid  is  properly  aligned,  the 
solution  oscillations  on  either  side  of  the  shock  can  be  essentially 
eliminated. 

In  order  to  accurately  track  flows  where  moving  shocks  are  pre¬ 
sent,  a  shock  fitting  technique  with  an  adaptive  grid  algorithm  can  be 
implemented.  The  present  solution  algorithm  does  not,  however,  apply 
the  adaptive  grid  approach.  A  split  characteristics  formulation  is 
utilized  in  order  to  accurately  and  realistically  account  for  the  passage 
of  flux  information  into  and  out  of  the  shock,  depending  upon  the  sign 
of  the  eigenvalues  in  the  vicinity  of  the  shock  front.  This  new  tech¬ 
nique  is  an  extension  of  the  MacCormack  implicit/explicit  concepts  as 
presented  and  draws  on  the  split  characteristics  concepts  as  given  in 
Reference  2.4.  No  explicit  dissipation  is  required  in  the  formulation. 
The  six  steps  given  below  briefly  describe  the  application  of  the 
numerical  solution  algorithm  as  utilized  in  the  shock  tube  code. 

1.  The  system  of  governing  equations  written  in  weak  conserva¬ 
tion  law  form,  is  converted  to  a  characteristics  form  by 
diagonalizing  the  flux  vector. 

2.  The  governing  equations  in  characteristics  form  are  separated 
corresponding  to  the  sign  of  the  eigenvalues  or  characteristic 
directions . 

3.  Both  the  flux  vector  and  source  terms  are  split  utilizing  the 
eigenvectors . 

4.  The  delta  formulation  of  the  solution  variables  is  developed 
from  the  split  governing  equations. 

5.  A  two-step  Runga  Kutta  calculation  procedure  is  implemented 
to  calculate  the  new  time  level  solutions  where  the  predictor 
and  corrector  steps  are  applied  in  a  manner  similar  to  the 

1969  MacCormack  algorithm. 

6.  Compatible  split  characteristic  boundary  conditions  are  applied 
at  inflow  and  outflow  boundaries  where  the  right-hand  side  of 
the  constraint  equations  corresponds  to  linear  combinations  of 
the  solution  variables  in  delta  form.  The  sign  of  the  eigen¬ 
values  at  the  inflow  or  outflow  boundary  determines  the 
equations  that  are  to  be  replaced  in  the  constraint  system. 

The  advantage  of  this  new  technique  over  other  previous  tech¬ 
niques  is  that  it  can  resolve  transient  shocks  accurately  without  an 
adaptive  grid  algorithm.  In  addition,  it  is  computationally  efficient 


compared  to  split  flux  schemes  (for  example)  since,  in  its  present  form, 
it  does  not  require  a  tridiagonal  solution  algorithm. 

The  summary  calculations  as  given  in  Figures  6  through  12 
describe  the  flow  variable  behavior  as  a  function  of  time  after  dia¬ 
phragm  rupture  at  one  station  within  the  driven  tube--at  a  point 
seventy  percent  of  the  driven  tube  length  from  the  diaphragm. 
Figure  6  gives  the  static  pressure  distribution  history  normalized  by 
the  driven  tube  pressure  PI.  As  can  be  seen  the  pressure  rises 
rapidly  as  the  shock  passes  the  plotted  X  location.  Once  the  shock 
passes  the  station  of  interest,  the  pressure  field  decays  gradually  and 
then  very  rapidly  due  to  the  interaction  of  the  expanded  driver  gas. 
The  driver  to  driven  tube  pressure  ratio  used  for  these  calculations  is 
200. 

The  stagnation  pressure  normalized  by  the  driven  tube  pressure  is 
shown  in  Figure  7  and  indicates  a  level  of  approximately  17  is  reached 
in  the  early  time  evolution  of  the  flow  for  the  driver  tube/driven  tube 
pressure  ratio  of  200  as  stated  earlier.  For  a  driver  to  driven  tube 
pressure  ratio  of  200,  the  stagnation  pressure  ratio  approaches  values 
as  high  as  40  late  in  the  wave  evolution  process. 

Total  and  static  temperature  ratios  normalized  by  the  driven  tube 
temperature  are  shown  in  Figures  8  and  9.  These  two  figures  show 
nominally  the  same  rise  times  as  shown  in  the  pressure  traces  given  in 
Figures  6  and  7.  Static  and  total  temperatures  peak  at  1.5  and  1.8  for 
this  driver  to  driven  tube  pressure  ratio  of  200,  respectively.  The 
decay  of  the  total  temperature  and  static  temperature  following  the  peak 
rise  is  similar  to  the  pressure  decay  as  presented  in  Figures  6  and  7. 
Flow  velocity,  as  normalized  by  the  driven  tube  speed  of  sound,  given 
in  Figure  10  shows  a  level  of  approximately  1.2  immediately  behind  the 
shock  and  rising  to  a  level  of  1.7  at  a  later  time. 

The  thermal  environment  of  the  LB/TS  consists,  as  described  in 
the  preceding  paragraphs,  of  two  parts.  The  first  part  occurring  in 
the  time  sequence  is  the  thermal  radiation  source  environment  which  is 
nominally  on  for  1  to  5  seconds  early  in  the  test.  This  is  followed  by  a 
nominal  two-second  duration  of  time  in  the  test  where  neither  the 
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Figure  6.  Normalized  static  pressure  in  the  driven  tube. 
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Figure  8.  Normalized  total  temperature  in  the  driven  tube. 


aerodynamic  or  thermal  radiation  source  fields  are  on.  Following  this 
delay  time  the  blast  wave  and  associated  aerodynamic  response  takes 
place. 

Sample  calculations  were  made  using  the  aerodynamic  calculations 
as  indicated  in  Figures  6  through  10  to  define  the  heating  levels  in  the 
test  region  due  to  aerodynamic  sources  only.  Heat  transfer  calculations 
were  based  on  flat  plate  heating  and  on  stagnation  point  heating  on  a 
sphere  where  length  scales  for  heating  calculations  were  assumed  to  be 
equal  to  0.3  meter.  In  addition,  the  calculations  assume  that  the  wall 
temperature  of  both  the  plate  and  the  sphere  were  maintained  at  the 
initial  driven  tube  temperature  T1 . 

Graphical  results  are  presented  in  Figures  11  and  12  for  the  flat 
plate  and  stagnation  heating  environment  as  a  function  of  time  for  the 
two  selected  stations  within  the  driven  tube.  As  can  be  seen,  for  a 
driver  to  driven  tube  pressure  ratio  of  200,  flat  plate  heating  levels 
approach  8  cal  per  cm  squared  per  second  immediately  behind  the 
shock.  Heating  levels  approach  3  cal  per  cm  squared  per  second 
behind  the  shock  for  the  stagnation  point  heat  transfer.  Rise  times 
associated  with  the  aerodynamic  heat  flux  are  on  the  same  order  as  the 
passage  of  the  shock  front.  For  temperature  rises  or  decreases  caused 
by  aerodynamic  heating  as  described  in  Figures  11  and  12,  test  article 
thermal  rise  times  will  be  dependent  upon  the  configuration  and  can 
result  in  transient  surface  and  through  thickness  temperatures  which 
scale  on  the  order  of  milliseconds  to  tenths  of  seconds. 

The  thermal  radiation  source  environment  as  described  earlier 
provides  a  color  temperature  of  nominally  3000  degrees  Kelvin  and  is  a 
radiation  source  as  it  influences  the  test  article.  At  this  color  tem¬ 
perature,  radiation  heating  due  to  the  TRS  can  reach  as  high  as 
100  cal  per  cm  squared  per  second  for  a  duration  of  from  1  to  5  seconds 
as  indicated  in  Figure  4.  This  high  heating  level  coupled  with  tempera¬ 
ture  variations  in  the  thermal  mass  and  geometry  of  the  test  article  can 
result  in  surface  and  through  thickness  temperature  variations  of  a  few 
degrees  Kelvin  to  surface  temperature  increases  on  the  order  of  1000 
Kelvin  with  rise  times  in  the  millisecond  range. 
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2.  Stagnation  heat  flux  on  a  0.3  mater  diameter  sphere. 


As  a  result  of  the  high  aerodynamic  transient  loading  on  the  test 
article  due  to  the  passage  of  the  blast  front,  significant  displacement, 
velocity,  and  accelerations  of  the  test  article  can  take  place.  Measure¬ 
ment  requirements  on  the  test  article  can  be  as  variable  as  the  defini¬ 
tion  of  the  vibration  environment  of  a  stiff  member  to  the  definition  of 
the  displacement  of  the  entire  test  article  as  a  solid  body.  This  pro¬ 
vides  for  a  wide  spectrum  of  acceleration  and  displacement  ranges  for 
the  test  article  dependent  upon  the  type  of  measurement  desired.  For 
a  high  stiffness  member  where  the  vibration  environment  is  desired, 
displacements  on  the  order  of  ten  thousandths  to  tenths  of  an  inch  and 
acceleration  loads  of  thousands  of  g’s  are  possible.  For  high  mass/ 
large  configurations,  such  as  armored  vehicles,  displacements  can  range 
from  hundredths  of  an  inch  to  feet  with  commensurate  low  accelerations 
on  the  order  of  Ig. 

Table  5  provides  a  summary  of  the  LB/TS  test  data  characteriza¬ 
tion  as  described  in  preceding  paragraphs.  Data  found  in  this  table  is 
a  merging  of  results  obtained  from  the  sample  calculation  and  from  BRL 
design  information  for  the  LB/TS.  It  is  to  be  emphasized  that  the 
magnitude  and  rise  time  ranges  as  given  for  each  one  of  the  data  types 
are  by  no  means  the  minimum  or  maximum  ranges  anticipated  but  are 
intended  to  represent  the  nominal  extent  of  the  ranges  to  be  expected 
during  typical  LB/TS  operation.  In  using  this  table  it  is  also 
emphasized  that  the  aerodynamic  environment  occurs  at  a  different  time 
during  the  test  evolution  than  the  thermal  or  TRS  environment  as 
shown  graphically  in  Figure  2.  Thus,  in  a  temperature  measurement 
system  that  must  measure  both  the  thermal  and  aerodynamic  temperature 
environment,  one  must  consider  the  temperature  range  given  for  both 
aerodynamic  data  and  the  thermal  data  both  separately  and  collectively. 
In  addition  it  is  to  be  noted  that  the  heat  flux  estimates  provided  in 
this  table,  for  aerodynamic  heating,  are  based  on  turbulent  flow  on  a 
flat  plate  and  for  stagnation  heating  c“  a  sphere  nominally  one  foot  in 
diameter.  The  displacement,  velocity,  and  acceleration  values  given  in 
the  table  are  characteristic  of  the  test  article  as  influenced  by 
aerodynamic  loads.  Since  strains  and  stresses  are  a  function  of  the 
precise  geometry  of  the  test  article  no  attempt  was  made  to  estimate  or 
bracket  the  range  of  this  data  type. 


SECTION  3 

SURVEY  OF  PHYSICAL/INTRUSIVE  SENSORS 


A  survey  of  sensors  which  are  normally  categorized  as  intrusive 
(physically  having  some  point  of  contact  on  the  measurement  surface)  is 
presented  in  this  section.  Our  survey  includes  selected  specifications 
as  provided  by  manufacturers’  catalogs  (Appendix  A)  and  a  bibli¬ 
ography  (Appendix  B)  of  recent  instrumentation  developments  which  are 
either  directly  applicable  or  related  to  the  LB/TS  type  environment. 

3.1  PRESSURE  MEASUREMENTS. 

Numerous  pressure  sensors  will  be  required  to  take  facility  meas¬ 
urements,  monitor  the  blast  wave  and  flow  environment,  and  measure 
target  response  (Table  1).  Facility  measurements  will  include  driver 
pressure,  TRS  nitrogen  pressure,  TRS  LOX  supply  pressure,  atmos¬ 
pheric  reference  pressure,  and  others.  Blast  wave  and  flow  measure¬ 
ment  pressures  will  include  driven  tube  wall  pressure  distribution, 
diffraction,  drag  phase  pressures  using  flow  field  probes,  and  target 
response  during  the  drag  phase.  Both  piezoelectric  and  strain  gage 
transducers  are  frequently  used  in  blast  simulation  experiments. 

The  piezoelectric  effect  is  an  effect  whereby  strains  in  certain 
types  of  crystals  of  insulating  materials  lead  to  a  separation  of  charge 
(i.e.,  positive  on  one  face,  negative  on  another).  The  effect  may  be 
inverted;  in  that  application,  a  charge  will  cause  a  strain.  Over  a 
range  of  strains  due  to  forces,  the  charge  is  proportional  to  the  strain 
which  IS  the  basis  for  pressure  transducers  based  on  the  piezoelectric 
effect.  Since  charge  tends  to  be  neutralized  by  the  surroundings, 
transducers  based  on  this  effect  are  primarily  useful  in  dynamic  or 
transient  systems  such  as  characterized  by  the  LB/TS  environment. 

Where  slightly  slower  response  can  be  tolerated,  strain  gage  or 
capacitive  and  inductive  transducers  may  be  specified.  The  resistance 
(strain)  of  a  wire  is  dependent  on  its  length  and  cross-sectional  area, 
so  that  when  a  wire  is  stretched,  its  resistance  changes  due  to  increase 
in  length  and  decrease  in  area.  However,  there  is  an  additional  effect 
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on  the  resistivity  of  the  material  itself.  The  resistivity,  as  opposed  to 
the  resistance,  is  a  function  of  strain  also,  so  that  the  change  of 
resistance  per  unit  elongation  is  often  different  from  what  one  would 
expect  on  the  basis  of  elongation  alone. 

The  wire  may  be  attached  firmly  to  a  surface  undergoing  change  in 
length,  such  as  a  diaphragm  being  deflected  by  pressure,  in  which  case 
it  is  referred  to  as  a  bonded  strain-gage.  In  other  designs,  the  dia¬ 
phragm  displacement  may  be  transmitted  by  a  mechanical  linkage  so  as 
to  stretch  wires  which  are  attached  only  at  the  ends,  in  which  case  the 
device  is  referred  to  as  an  unbonded  strain-gage.  Rise  time  and 
frequency  response  are  slower  for  these  designs.  In  any  case,  the 
change  in  resistance  must  be  measured  and  related  to  the  pressure. 

In  capacitive  and  inductive  transducers,  the  change  of  the  dis¬ 
tance  between  a  fixed  electrode  and  a  movable  electrode  (such  as  a 
diaphragm)  may  be  used  to  produce  a  measurable  change  in  capacitance. 
In  addition,  by  changing  the  distance  between  a  coil  and  an  iron  dia¬ 
phragm,  the  inductance  of  the  coil  may  be  changed.  Either  of  these 
effects  may  be  sensed  electrically,  and  related  to  pressure. 

3.1.1  Nature  of  Required  Pressure  Measurements. 

Table  4  identifies  a  minimum  requirement  for  15  facility  pressure 
measurements,  21  blast  wave  and  flow  measurements,  and  10  target 
response  pressure  sensors.  Table  6  details  general  specifications  for 
pressure  requirements.  The  table  identifies  an  extremely  wide  range  of 
pressure  sensor  requirements.  Rise  time  and  frequency  response  for 
facility  control  sensors  are  less  severe  than  other  pressure  measure¬ 
ments  but  the  maximum  pressure  level  required  is  much  higher.  Strain 
gage  transducers  will  be  suitable  for  facility  control  while  piezoelectric 
or  fast-response  silicon  diaphragm  gages  must  be  employed  for  the 
remainder.  Several  static  and  total  pressure  sensors  suitable  for  use  in 
the  LB/TS  are  given  in  Appendix  A  for  mounting  in  the  tunnel  wall, 
reference  bodies  in  the  test  section,  or  special  probes. 


TabI*  6.  Praaaura  sanaor  raquiramanta  and  spacifications. 


Requirements 

Facility  Monitor 
and  Control 

Blast  Wave  and 

Flow  Measurements 

Target 

Response 

Range 

Driver  Pressure, 
10,000-24,000  kPa 
TRS  N  ,  7000- 
14,000  kPa 

LOX,  10  to  700  kPa 
Atm.  reference, 

100  kPa 

Wall  Static  Pressure, 
200-350  kPa 

Diffraction  Static, 
200-350  kPa 

Drag  Static, 

200-350  kPa 

Differential  probes, 
40-60  kPa 

Stagnation  probes, 
200-1000  kPa 

100-350  kPa 

Frequency 

1 

1  kHz 

Wall  Pressure,  50  kHz 
Diffraction,  250  kHz 
Drag,  20  kHz 
Differential, 

250  kHz 

Stagnation,  250  kHz 

50  kHz 

Blast  wave  and/or  shock  tunnel  flow  calibration  is  dependent  on 
accurate  measurement  of  static  and  total  pressure  and  their  difference. 
Absolute  measurement  of  both  static  and  total  pressure  involves  poten¬ 
tial  errors  since  the  absolute  level  of  each  may  be  considerably 
different.  Numerous  designs  for  differential  probes  have  been  pro¬ 
duced  by  shock  tube  and  blast  simulator  engineers.  Figure  13  repro¬ 
duces  one  such  probe  (Reference  3.1)  used  at  the  BRL.  It  is  a  modi¬ 
fication  of  an  original  BRL  design  to  utilize  standard  Kulite  pressure 
sensing  elements  (the  XCW-190  series),  which  were  suitable  for  adaption 
to  make  a  differential  pressure  gage.  The  outer  configuration  is  that 
of  a  long  cylindrical  rod  oriented  parallel  to  the  expected  direction  of 
air  flow.  A  single  pressure-sensing  diaphragm  is  placed  within  the  rod 
about  one  rod  diameter  from  the  nose.  Stagnation  overpressure  is 
developed  on  one  side  of  the  diaphragm  from  the  inpuL  port  in  the  nose 
of  the  rod.  The  static  overpressure  is  developed  on  the  rear  of  the 
diaphragm  by  a  connection  of  the  internal  volume  at  the  rear  of  the 
diaphragm  to  static  pressure  inlet  ports  that  are  two  rod  diameters  to 


the  rear  of  the  nose.  These  ports  are  12  cylindrical  holes  drilled 
perpendicular  to  the  axis  of  the  rod  and  spaced  uniformly  around  its 
circumference.  A  metal  screen  with  holes  is  placed  immediately  in  front 
of  the  diaphragm  to  protect  it  from  direct  impact  by  particles  in  the  air 
stream.  The  diaphragm  is  of  silicon  and  contains  an  active  Wheatstone 
bridge.  It  is  coated  on  both  sides  with  an  RTV  compound  to  minimize 
heat  conduction  effects  during  the  test  period. 
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Figure  1 3.  Configuration  of  the  differential  pressure  gage 
for  blast  wave  measurements. 


Differential  pressure  gages  with  peak  ranges  of  6.9  kPa  (1  psi), 
13.8  kPa  (2  psi),  and  34.5  kPa  (5  psi)  have  been  tested  to  a  limited 
extent  in  a  shock  tube  at  BRL.  The  gages  were  exposed  to  step 
shocks  generated  in  the  0.56-meter  diameter  shock  tube,  and  the  sig¬ 
nals  were  recorded  using  an  SO-kHz  magnetic  tape  recording  system  and 
a  frequency  response  of  about  20-kHz  (flat)  was  measured. 

Conventional  stagnation  probes  consisting  of  single,  open-ended 
tubes  with  protective  filters  are  used  for  total  pressure  measurements 
when  high-frequency  response  is  not  required.  Surface-mounted 
sensors  such  as  Kulite  gages  can  measure  local  total  or  static  pressures 
and  discriminate  flow  oscillations  at  frequencies  up  to  200  kHz  (flat 
response)  in  the  LB/TS  pressure  range. 

Direct  use  of  pressure  sensors  and  development  of  pressure  probes 
and  other  devices  using  pressure  sensors  in  environments  such  as 
produced  by  the  LB/TS  facility  are  extremely  difficult  if  productivity 
and  reliability  are  of  prime  importance.  The  use  of  screens  and  baffles 
to  prevent  particle  impact  will  always  degrade  sensor  frequency  perfor¬ 
mance.  The  simple  expedient  of  placing  a  plastic  insulative  coating 
over  a  diaphragm  will  serve  to  increase  sensor  life  and  delay  tempera¬ 
ture  effects  at  the  cost  of  lower  frequency  response.  Corrections  to 
the  data  for  gage  or  probe  acceleration  during  the  blast,  temperature 
rise  in  the  sensing  element  due  to  high  heat  transfer  from  the  TRS  and 
flow,  errors  induced  by  inadequate  mounting,  and  degraded  response 
time  in  a  given  test  situation  requires  continuous  close  attention  in  the 
application  of  seemingly  attractive  commercial  sensors.  Techniques  for 
minimizing  these  effects  or  making  corrections  to  data  have  been  devel¬ 
oped  at  BRL  and  other  impulse  facilities  to  permit  reliable  use  of  the 
commercial  pressure  sensors. 

3.1.2  Sources  of  Pressure  Sensors. 

There  are  numerous  manufacturers  of  high-quality  pressure  trans¬ 
ducers  in  the  U.S.  The  industry  is  quite  competitive  and  innovative 
and  specialized  development  for  measurement  of  transient  pressures  in 


extreme  environments  has  been  accomplished  by  numerous  firms  to  meet 
requirements  of  the  government  and  industry.  The  following  companies 
routinely  manufacture  pressure  sensors  which  would  be  candidates  for 
the  LB/TS  facility. 

•  Celesco  Transducer  Products,  Inc. 

7800  Deering  Avenue 

Canoga  Park,  CA  91304 

•  Kistler  Instrumentation  Corp. 

75  John  Glen  Drive 
Amherst,  NY  14120 

•  Entran  Devices,  Inc. 

10  Washington  Avenue 
Fairfield,  NJ  07006 

•  Endevco 
Rancho  Viejo  Road 

San  Juan  Capistrano,  CA  92675 

•  PCB  Piezotronics,  Inc. 

3425  Walden  Avenue 
Depew,  NY  14043 

•  Sensotec 

1200  Chesapeake  Avenue 
Columbus,  OH  43212 

•  Kulite  Semiconductor  Products 

1039  Hoyt  Avenue 
Ridgefield,  NJ  07657 

•  Setra  Systems,  Inc. 

45  Nagog  Park 
Acton,  MA  01720 

•  BBN  Instruments 
50  Moulton  Street 
Cambridge,  MA  02138 

e  Kaman  Instrumentation  Corporation 

1500  Garden  of  the  Gods  Road 
Colorado  Springs,  CO  80933 

•  Transamerica  Delava  (CEC) 

360  Sierra  Madre  Villa 
Pasadena,  CA  91109 

•  MKS  Instruments,  Inc. 

34  Third  Avenue 
Burlington,  MA  01803 


Although  the  above  list  by  no  means  identifies  all  pressure  trans¬ 
ducer  manufacturers*  it  does  represent  the  majority  of  those  who  com¬ 
pete  for  development  contracts  when  advanced  test  facilities  are  con¬ 
structed  by  the  government.  Since  specific  performance  criteria  are 
not  established,  it  is  beyond  the  scope  of  the  present  study  to  recom¬ 
mend  one  particular  manufacturer  for  each  specific  measurement  in  the 
LB/TS  facility.  Any  one  of  the  above  cited  manufacturers  could  pro¬ 
duce  systems  capable  of  measuring  pressures  during  both  the  diffrac¬ 
tion  and  drag  phase  of  operation.  However,  a  few  specifications  and 
operating  characteristic  descriptions  have  been  extracted  from  technical 
catalogues  and  are  included  in  Appendix  A  to  demonstrate  available 
sensors  and  unique  designs  related  to  the  LB/TS  environment.  The 
appendix  is  divided  into  separate  sections  for  pressure,  heat  flux,  etc. 

A  brief  open-literature  search  was  conducted  to  evaluate  the 
extent  of  development  work  being  accomplished  for  pressure  measure¬ 
ment  systems  which  would  have  direct  applicability  to  the  LB/TS  facil¬ 
ity.  The  bibliography  contains  descriptive  abstract  listings  of  14  such 
papers  by  personnel  at  agencies  and  facilities  such  as  Aberdeen  Proving 
Grounds,  Sandia  Laboratories,  Air  Force  Weapons  Laboratory,  Defense 
Nuclear  Agency,  Los  Alamos  Scientific  Laboratories,  NASA,  and  foreign 
sources.  Most  of  these  reports  deal  with  evaluation  of  specific  pressure 
sensors  in  field  blast  conditions.  Their  recommendations  are  normally 
unique  to  their  specific  testing  situation  but  can  serve  as  general 
guides  for  selection  of  future  sensor  procurements. 

3.2  TEMPERATURE  AND  HEAT  FLUX  MEASUREMENTS. 

3.2.1  Temperature. 

Direct  thermocouple  measurements  will  be  the  most  common  tempera¬ 
ture  sensor  utilized  in  the  LB/TS.  A  comparison  chart  (Table  7)  of 
various  temperature  sensors  (RTD,  thermistor,  thermocouples,  semi¬ 
conductors)  prepared  by  Hy-Cal  Engineering  follows  on  the  next  page. 


*The  1983-84  ISA  Directory  lists  98  companies  under  the  heading  - 
Pressure  Transducers,  Electronic 
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Table  7.  Comparison  chart  of  various  tamparatura  sensors. 
(Prepared  by  HY-CAL  Engineering) 
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Figure  14  represents  output  versus  temperature  in  °F  for  various 
thermocouple  materials.  Choice  of  thermocouple  material  is  based  on 
considerations  other  than  temperature  level.  Direct  temperature 
measurements  will  be  required  for  measurement  of  driver  gas,  LOX 
supply,  pilot,  and  vent  gas  temperatures.  For  blast  wave  and  flow 
monitoring,  the  temperature  of  the  flow  can  be  measured  with  shielded 
and  vented  thermocouple  probes.  Both  backface  and  frontface  tempera¬ 
tures  on  the  target  can  be  obtained  with  simple  thermocouples,  RTD's, 
or  thermistors.  Table  4  identifies  24  facility  temperature  measurements, 

6  blast  wave  and  flow  measurements,  10  thermal  input  temperatures, 
and  18  target  response  thermocouples  for  a  total  of  58  temperature 
sensors  as  a  minimum  requirement.  Table  8  summarizes  the  various 
temperature  sensor  requirements. 

Platinum- rhodium/platinum  thermocouples  provide  the  best  combina¬ 
tion  of  resistance  to  corrosion  and  high-temperature  capability. 
Although  temperature  to  3000°F  (1921°K)  can  be  measured  with  such 
thermocouples,  the  surfaces  should  be  coated  to  minimize  surface  cataly¬ 
tic  effects.  Tungsten-tungsten  rhenium  thermocouples  provide  a  cap¬ 
ability  to  measure  temperatures  up  to  5000®F  (3032°K),  but  this  material 
has  a  poorer  oxidation  resistance.  The  development  of  thermocouples 
and  probes,  specifically  RTD  and  thin-film  devices,  by  commercial  firms 
is  extensive.  The  selection  of  a  specific  thermocouple  sensor  from 
literally  hundreds  on  the  market  is  beyond  the  scope  of  the  present 
study . 

The  following  comments  are  related  to  one  device  (a  total  tempera¬ 
ture  probe.  Figure  15)  designed  to  overcome  many  of  the  problems 
associated  with  flow  temperature  measurement  with  thermocouple  devices 
(Reference  3.3).  Since  at  high  velocities  the  free  stream  static  tem¬ 
perature  cannot  readily  be  measured,  one  resorts  to  measuring  the  total 
gas  temperature.  This  requires  a  probe  with  a  stagnation  chamber 
wherein  the  gas  can  be  brought  adiaoatically  to  a  low  velocity.  If  the 
process  is  perfectly  adiabatic,  the  recovery  temperature,  T^,  equals  the 

total  temperature,  T  ,  from  which  T  can  be  calculated 
o  •• 
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TabI*  8.  Temperature  sensor  requirements  and  specifications. 


Requirements 

Facility  Monitor 
and  Control 

Blast  Wave  and 

Flow  Measurements 

Target 

Response 

Range 

Driver  Gas,  600°K 
LOX  Supply,  Cry- 
genic 

Vent  Gas,  2000°K 

Shielded  Probe, 

600°  K 

Backside,  400°K 
Frontside,  800°K 

Types 

Platinum  RTD 
and 

High -Temperature 
TC'S 

High -Temperature 
TC'S 

Platinum  RTD 
and 

High -Temperature 
TC'S 

Response 

0.1  sec 

.001  sec 

0.001  on  surface 
0.01  on  backside 
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Figure  1 5.  Design  of  stognetion  tempereture  probe. 


In  practice,  however,  the  gas  cannot  be  brought  to  rest  adiabati- 
cally.  Frictional  heating  and  dissipation  by  conduction  in  the  boundary 
layer  make  it  impossible  to  recover  all  the  kinetic  energy  of  the  flowing 
gas.  Moreover,  as  already  noted,  if  the  gas  flows  too  slowly  over  the 
probe,  conduction  and  radiation  losses  become  excessive.  Therefore,  in 
any  viscous  fluid  some  recovery  error  must  be  tolerated  and  a  compro¬ 
mise  between  this  recovery  error  and  the  radiation-conduction  error 
must  be  made.  The  important  consideration  is  that  the  error  remains 
essentially  constant  throughout  all  flow  conditions.  Many  of  the  earlier 
high-velocity  temperature  probes  were  merely  bare  thermocouples  posi¬ 
tioned  in  the  flow. 

Due  to  the  difficulties  of  measuring  the  recovery  factor,  r,  and 
the  unknown  influence  of  parameters  such  as  surface  roughness,  junc¬ 
tion  formation,  etc.,  it  is  not  likely  that  values  of  r  for  an  uncalibrated 
probe  can  be  more  reliable  than  ±10%.  This  uncertainty  in  the  recovery 
factor  becomes  of  little  consequence,  however,  if  the  velocity  over  the 
thermocouple  junction  is  reduced  to  a  low  value.  The  simplest  device 
for  this  purpose  is  a  straight  tube  with  vent  holes.  Specific  probe 
designs  are  necessary  for  particular  flow  environments  to  minimize  the 
cumulative  errors  attributable  to  radiation,  velocity,  and  conduction. 
Varner  performed  an  analysis  of  corrections  necessary  to  such  probes 
and  concluded  that  the  error  analysis  must  include  the  developing 
thermal  layer  within  the  tube  (Reference  3.4).  Before  such  devices 
are  designed  for  the  LB/TS  environment,  an  in-depth  error  analysis 
should  be  performed  to  evaluate  probe  effectiveness. 

Target  thermal  response  will  be  made,  in  part,  by  front  and 
backside  bare  thermocouple  sensors.  Measurements  using  wall  thermo¬ 
couples  require  that  the  junction  size  be  small  to  increase  response. 
Also,  any  material  near  the  junction  must  be  similar  to  the  wall  in  order 
to  minimize  the  effect  of  local  differences  in  thermal  properties 
( Reference  3.5). 

There  are  many  manufacturers  of  thermocouple  devices  in  the 
United  States.*  Three  of  the  best  known  firms  are: 

*The  1983-84  ISA  Directory  lists  146  manufacturers  under  the 
heading  -  Temperature  Sensors,  Thermocouples,  and  Accessories 
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Hy-Cal  Engineering 

9650  Telstar  Avenue 

El  Monte,  CA  91731 

Nanmac  Corporation 

9-11  Mayhem  Street 

Framingham  Centre,  MA  01701 

Omega  Engineering 

Box  4047 

Stamford,  CT  06907 

Any  of  these  manufacturers  could  design  specific  thermocouple 
sensor  packages  to  meet  LB/TS  criteria.  The  bibliography 
(Appendix  B)  contains  15  abstracts  for  development  of  thermocouple 
sensors  in  environments  such  as  the  LB/TS.  Transient  errors,  oxida¬ 
tion  effects,  calibration,  and  development  of  analytic  codes  to  infer  heat 
transfer  rate  and  correct  for  thermocouple  errors  are  included. 

3.2.2  Heat  Flux. 

Intrusive  devices  for  surface  heat  flux  (calorimeters)  can  be  used 
for  a  variety  of  purposes  in  the  LB/TS  facility.  By  innovative  design, 
gas  temperatures,  flow  enthalpy,  and  velocity  can  be  inferred  from 
calorimeter  devices.  These  would  be  useful  for  both  facility  measure¬ 
ments,  blast  wave  and  flow  measurements,  and  target  measurements. 
Thermal  input  from  radiation  source  can  be  directly  measured  by  calorim¬ 
eters  sensitive  to  radiant  energy.  Target  radiant  and  convective 
energy  can  also  be  directly  measured  with  on-board  devices.  Direct 
measurement  heat  flux  sensors  have  been  widely  developed  for  unique 
test  facilities . 

A  coax  thermocouple  heat  flux  sensor  (Figure  16)  has  advantages 
over  other  devices  including  operational  durability,  time  response, 
calibration  stability,  miniature  size,  and  the  ability  to  contour  the  gage 
exactly  to  the  surface  of  the  instrumented  component.  Co-axial  surface 
thermocouples  can  be  employed  for  measurements  over  a  heat-transfer- 
rate  range  of  1  to  135  cal/cm^  sec.  (3-500  Btu/ft'  sec.).  Preamplifi¬ 
cation  units  can  extend  the  heat-transfer-rate  level  to  0.3  cal/cm^  sec. 
The  cylindrical  thermocouple  assemblies  are  small,  typically  0.16  to 
0.32  cm  0.  D.  and  approximately  0.36  to  1.0  cm  long. 
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Figure  16.  Chromel  -  Constantan  coaxial  surface  thermocouple 


—  w  -w  -  ■  ■ 


Experimental  calibration  of  co-axial  surface  thermocouples  is  per¬ 
formed  in  the  laboratory  by  a  transient  heat  flux  calibration  technique. 

A  known  and  constant  heat  flux  from  an  air-acetylene  flame  or  radiant 
light  source  is  applied  to  the  sensing  surface  of  the  co-axial  thermo¬ 
couple  for  a  time  period  not  exceeding  the  effective  test  time,  and  a 
timewise  output  data  record  is  obtained.  This  experimental  procedure 
permits  the  evaluation  of  a  co-axial  thermocouple  calibration  factor 
which  has  been  found  to  agree  with  the  theoretical  heat  flux  sensitivity 
within  percent  when  the  gage  is  properly  constructed.  This  experi¬ 
mental  procedure  is  repeated  at  different  heat  flux  levels.  Since  the 
co-axial  thermocouple  assembly  is  comprised  of  thermoelectric  grade 
materials,  the  unit  maintains  the  inherent  excellent  calibration  stability 
characteristics  of  bi-metal  thermocouples. 

Vent  temperature  and  flow  temperature  can  be  inferred  from  meas¬ 
urement  of  radiation  and  convective  energy  .  The  device 

(Reference  3.2)  shown  in  Figure  17  was  developed  for  rocket  motor  and 
jet  engine  exhaust  temperature  measurement.  By  keeping  the  device  on 
a  wall  component,  the  intrusive  characteristic  can  be  minimized.  Similar 
techniques  can  measure  the  thermal  output  of  the  TRS  by  placing  an 
array  of  sensors  at  various  distances  from  the  radiation  source. 

Flow  enthalpy  and  flow  velocity  can  be  inferred  from  calorimeter 
gage  measurements  on  blunt  cylinders  with  the  aid  of  Fay-Riddell 
analytic  solutions  (Reference  3.10).  Difficulties  in  obtaining  precise 
flow  enthalpy  and  velocity  result  from  three  unknowns:  gas  composi¬ 
tion,  flow  field  pressure  distribution,  and  empirical  assumptions  con¬ 
tained  in  the  analytic  models.  For  the  flow  environment  of  the  LB/TS, 
these  are  not  large  unknowns. 

Target  response  to  radiation  and  convective  heating  during  the 
thermal  simulator  pulse  and  diffraction  period  can  be  measured  by 
fast- response  Garden  gages,  RT  gages,  co-ax  gages,  or  Schmidt- Boelter 
gages.  Requirements  for  durability  and  calibration  traceability  suggest 
use  of  co-ax  or  Schmidt-B.,  jlter  gages  in  lieu  of  Gardon  or  R-T  gages 
for  the  LB/TS  application  based  on  experience  in  similar  impulse  test 
facilities . 
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Table  9.  Heat  flux  sensor  requirements. 


Requirements 

TRS  Output 

Blast  Wave  and 

Flow  Measurements 

Range 

5-100  cal/cm*  sec 

2-10  cal/cm^  sec 

Type 

Co-ax 

Co-ax  or  Gardon 

Pressure 

0.1  sec 

0.001  sec 

Thin  skin  TC 
Co-ax 

Schmidt-Boelter 


0.01  sec 
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Figure  17.  Concept  developed  by  Rockwell  International  for 
gas  tamparatura  maasuramant.  (Rafaranca  3.2) 


Table  9  summarizes  heat  flux  sensor  requirements  for  the  LB/TS. 
Sensor  durability  is  the  primary  problem  in  field  situations  and,  in  the 
case  of  the  LB/TS  environment,  will  almost  certainly  dictate  sensor 
selection  even  at  the  expense  of  response  and  range  requirements.  The 
primary  operational  problems  involve  gage  attachment  in  the  blast 
environment,  electrical  lead  attachment  and  survival,  and  in-place 
calibration.  Gages  which  minimize  in-place  calibration  requirements-- 
which  have  highly  stable  output  or  sensitivity  easily  traceable  to 
laboratory  calibrations--are  to  be  favored. 

An  excellent  review  of  methods  for  obtaining  point  measurements  of 
heat  transfer  rate  on  test  articles  in  high-performance  facilities  has 
been  written  by  Trimmer,  et  al.  (Reference  3.11).  Thin-skin  thermo¬ 
couple  measurements,  R-T  gages,  Gardon  gages,  and  co-ax  thermo¬ 
couple  gages  are  all  reviewed  with  their  individual  advantages  and 
disadvantages  discussed.  In  addition,  non-discrete  techniques  such  as 
temperature-sensitive  coatings  are  reviewed.  Where  slow  response 
below  values  cited  in  Table  9  can  be  tolerated  (0. 5-1.0  sec),  a 
Schmidt- Boelter  gage  (Reference  3.9)  will  have  strong  advantages  over 
co-ax,  R-T,  or  Gardon  sensors. 

At  present,  two  government-supported  labs  are  developing  gages 
for  combustion  chamber,  aerodynamic,  and  aircraft  propulsion  system 
applications  (References  3.4  through  3.8): 

Calspan  Advanced  Technology 
Buffalo,  NY,  and  Arnold  AFS,  TN 
14225  and  37389 

United  Technology  Corporation 
Power  Sector 

Commercial  Products  Division 
East  Hartford,  CT 

Commercial  sensors  are  developed  and  sold  by: 

Thermogage,  Inc. 

330  Allegany  Street 
Frostburg,  MD  21532 

Medtherm  Corporation 
Post  Office  Box  412 
Huntsville,  AL  35804 


Hy-Cal  Engineering 
9650  Telstar  Avenue 
El  Monte,  CA  91731 

These  firms  and  laboratories  are  fully  capable  of  developing  spe¬ 
cific  sensor  packages  for  the  LB/TS  environment. 

The  bibliography  (Appendix  B)  contains  abstracts  of  nine  recent 
development  efforts  in  the  heat  flux  measurement  area. 

3.3  STRUCTURAL  STRAIN,  DISPLACEMENT,  AND  ACCELERATION 
SENSORS. 

On-board  intrusive  devices  to  measure  structural  strain,  displace¬ 
ment,  and  acceleration  will  include  strain  gage  balances,  accelerometers, 
and  linear  potentiometers.  In  addition,  shear  displacement  and  seis¬ 
mometer  devices  have  also  been  developed  as  noted  in  abstracts  in¬ 
cluded  in  the  bibliography.  Sophisticated  acceleration-compensated 
strain-gage  balances  have  been  developed  for  impulse  facilities  which, 
when  installed  in  the  target,  can  measure  up  to  six  components  of  force 
on  specific  test  objects.  Balances  can  be  fabricated  with  semiconductor 
strain-gage  accelerometers  to  provide  compensation  for  target  mass- 
induced  inertial  loads  in  order  to  separate  impulsively  applied  forces 
from  inertial  response  of  the  target.  A  typical  strain-gage  balance 
designed  for  fast- response  and  high  aerodynamic  loads  is  shown  in 
Figure  18.  Numerous  government  facilities  design  and  build  their  own 
aerodynamic  balances.  One  commercial  U.S.  firm  specializes  in  such 
equipment  and  provides  both  off-the-shelf  and  individually  designed 
systems : 

Able  Corporation  (Formerly  TASK) 

1061  N.  Shepard  Street 
Anaheim,  CA  92806 

On-board  single,  dual,  and  tri-axial  accelerometers  can  be  obtained 
from  many  U.S.  manufacturing  sources.’'  Levels  of  acceleration  will  be 
from  a  few  to  thousands  of  g  s  loading  depending  on  target  component, 
target  mass,  and  LB/TS  test  condition.  The  best  known  manufacturers 
in  terms  of  development  are: 


*The  1983-84  ISA  Directory  lists  37  manufacturers  under  the  heading. 
Accelerometers . 
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Figure  1 8.  Force  balance  detail  suitable  for  target  response  measurement. 


Kulite  Semiconductor  Products,  Inc. 

1039  Hoyt  Avenue 

Ridgefield,  NJ  07657 

Kistler  Instrument  Corporation 

75  John  Glen  Drive 

Amherst,  NY  14120 

Entran  Devices,  Inc. 

10  Washington  Avenue 

Fairfield,  NJ  07006 

PCB  Piezotronics,  Inc. 

3425  Walden  Avenue 

Depew,  NY  14043 

Endevco 

Rancho  Viejo  Road 

San  Juan  Capistrano,  CA  22675 

Linear  motion  of  the  target  and  target  components  can  be  measured 
with  on-board  potentiometers.  These  sensors  are  manufactured  by  a 
very  large  number  of  U.S.  firms  and  are  relatively  inexpensive  and 
easy  to  use.  Use  of  such  sensors  in  the  LB/TS  will  be  occasionally 
complicated  under  blast  loadings  due  to  changing  frequency  response 
resulting  from  attaching  the  sensor  to  low-mass  target  components  and 
maintaining  the  integrity  of  the  attachment  once  high  acceleration  target 
motion  is  initiated  by  the  blast.  These  effects  can  be  alleviated  by 
attachment  of  low-mass  rotary  potentiometers  to  the  target  component 
using  stiff  but  lightweight  wires. 

Table  10  summarizes  on-board  displacement,  strain,  and  accelera¬ 
tion  sensor  specifications  and  requirements  for  monitoring  target 
mechanical  response. 

3.4  INERTIAL  REFERENCE  UNIT. 

One  technique  for  measuring  angular  and  linear  displacement  is  by 
use  of  an  Inertial  Reference  Unit.  Tnis  is  a  device  developed  originally 
for  aircraft  and  rockets  for  purposes  of  navigation  and  guidance  but 
more  recently  applied  to  land  vehicles.  The  Inertial  Reference  Unit  is 
the  heart  of  modern  Inertial  Navigation  Systems. 

The  unit  consists  of  three  angular  rate  sensors  and  three  linear 
accelerometers,  with  supporting  electronic  circuitry.  In  early  units, 
the  angular  rate  sensors  were  mechanical  gyros  and  measured  angular 
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Table  10.  Strain,  displacement,  and  acceleration  sensor  requirements. 


Target  Response 

Facility  Measurements 

Range 

5  -  1500  g's  acceleration; 
Strains  and  forces  dependent 
on  target;  0.03  to  25  cm 
displacement 

0-25  cm  valve  position 
movement 

Types 

Accelerometers 

Force  Balances 

Strain  Gages 

Potentiometers  (linear  and 
rotary) 

Potentiometers 

Response 

as  low  as  0.0001  sec. 
desired 

0.1  sec. 

acceleration  using  a  rotating  mass  and  gimbals.  Modern  units  are  called 
"strapdown"  units,  indicating  that  the  mechanical  gimbals  have  been 
eliminated  and  replaced  by  an  electronic  technique,  some  units  even 
using  a  laser  beam  technique.  All  units  are  small,  modular  and  easily 
mounted  in  the  target  vehicle  (see  Appendix  A  for  selected  manufac¬ 
turer  brochure  information). 

Several  companies  can  supply  Inertial  Reference  Units,  and  units 
built  by  Northrop  Precision  Products  Division,  Litton  Guidance  and 
Control  Division,  Humphrey,  Inc.,  and  Honeywell  Military  Avionics 
Division  were  investigated.  No  conclusions  were  reached  as  to  which 
company  produces  the  most  appropriate  and  cost-effective  unit  for  this 
application,  requiring  considerably  more  detailed  study  to  do  so.  The 
Litton  unit  is  currently  priced  at  about  S35,000;  prices  of  other  units 
are  estimated  to  be  comparable. 

The  Northrop  Tactical  Inertial  Reference  Unit,  no  model  number 
presently  assigned,  appears  to  have  the  most  desirable  specifications 
for  this  application.  Northrop  Document  Number  PPD-E-80-10509  pro¬ 
vides  a  detailed  description  of  this  unit  and  its  specifications  (see 
Appendix  A).  This  unit  is  in  volume  production  and  is  believed  to  be 
the  lowest  cost  unit  on  the  market. 

Principal  specifications  are  as  follows: 

Acceleration  range:  i40g  (3-direction) 

Angular  rate  range:  i500  degrees/sec.  (3-axis) 

Position  Accuracy:  See  Note  1. 

Size:  16.13  cm  dia.  x  7.44  cm  (6.35  in.  dia.  x  2.92  in.) 

Weight:  1 . 6  Kg 

Power  Consumption:  Approximately  50  Watts  @  various  DC 
voltages 

Note  1;  Position  accuracy  is  dependent  upon  the  rate  at  which  the 
unit  is  moved,  accuracy  improving  as  rate  of  movement  increases. 
At  the  rates  anticipated  in  this  application,  position  accuracy  is 
estimated  to  be  tO.5%  or  better,  equating  to  about  one  centimeter 
for  whole-body  motions  of  one  mete- 

Company  and  model  number  information  for  commercial  inertial 
reference  units  are: 
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Honeywell,  Inc. 

Military  Avionics  Division 
13350  U.S.  Highway  19 
Clearwater,  FL  33546 
813-531-4611 
Model  H-478F 

Humphrey,  Inc. 

9212  Balboa  Avenue 
San  Diego,  CA  92123 
619-565-6631 
Model  CF32-0201-1 

Litton  Guidance  &  Control  Systems 
5500  Conoga  Avenue 
Woodland  Hills,  CA  91365 
818-715-3530 
Model  LLN-83 

North rup  Corporation 
Precision  Products  Division 
100  Morse  Street 
Norwood,  MA  02062 
617-762-5300 

Tactical  Inertial  Reference  Unit 


3.5  MICROWAVE  TRACKING  SYSTEM. 

Position  of  the  target  vehicle  can  also  be  tracked  and  determined 
by  use  of  two  or  three  Microwave  Tracking  Systems.  Datron  Systems, 
Inc.,  of  Chatsworth,  CA,  builds  a  Model  8000  X-band  Microwave 
Tracker.  A  two-unit  system  would  cost  approximately  $500,000,  a 
three-unit  system  approximately  $650,000.  The  best  accuracy  would  be 
achieved  with  a  three-unit  tracking  system  and  use  of  the  outputs  of 
the  two  units  at  the  largest  azimuth  angles.  The  three  units  could  be 
operated  at  different  frequencies  to  prevent  unit-to-unit  interference  in 
the  close  environment  of  the  LB/TS.  An  X-band  beacon  (transponder), 
costing  approximately  $500,  would  have  to  be  installed  in  the  target 
vehicle. 

Preliminary  discussions  with  Datron  did  not  indicate  a'*y  means  of 
significantly  reducing  the  system  cost  for  the  LB/TS  environment. 
Hence,  accuracy,  time  response,  and  other  details  of  the  application  of 
the  system  were  not  pursued. 


3.6  SUMMARY  OF  PHYSICAL/INTRUSIVE  SENSORS  AND 

BUDGET  COST  ESTIMATE. 

An  inventory  of  sensors  for  use  in  the  LB/TS  will  range  from 
relatively  inexpensive  thermocouples  ($50  per  sensor)  to  expensive 
pressure  transducers  and  heat  flux  devices  costing  as  much  as  $1,000 
per  sensor.  Although  not  a  significant  portion  of  the  facility  capital 
cost,  sensor  inventory  cost  will  not  be  small.  Table  11  summarizes  the 
preceding  intrusive  sensor  review  and  adds  an  approximate  budget 
estimate  for  the  minimum  number  of  channels  identified  in  Table  4  along 
with  a  reasonable  number  of  spare  sensors  for  each  channel.  Brief 
descriptions  of  the  application,  minimum  number  of  channels,  total 
number  of  each  type  that  may  be  required,  basic  specifications,  sensor 
availability,  and  a  budget  cost  estimate  are  included  in  the  table. 

A  range  of  64  high-performance  pressure  sensors  based  both  on 
the  piezoelectric  and  strain  gage  concepts  will  provide  a  sufficient 
inventory  to  accomplish  facility  control,  blast  wave,  and  target  response 
measurements  as  shown  in  the  first  column  of  the  table.  Pressure 
range  will  vary  widely  and  will  include  flush-mounted  as  well  as  remote 
installation  of  sensors.  Total  budget  cost  for  pressure  sensors  will  be 
on  the  order  of  $38,000  which  includes  manufacture  of  a  few  stagnation 
and  differential  pressure  probes. 

A  family  of  discrete  temperature  sensors  will  be  required  to  make  a 
wide  variety  of  measurements  in  the  LB/TS  facility.  It  is  estimated 
that  an  inventory  of  thermocouple  and  similar  devices  costing  $14,000 
will  be  required  covering  the  temperature  range  up  to  2000°K. 

No  specific  type  of  heat  flux  sensor  (coax,  Gardon,  etc.)  is 
identified  in  Table  11  since  these  sensors  will  be  selected  to  meet 
specific  LB/TS  measurements.  However,  an  approximate  number  of 
sensors  by  heat  flux  range  is  listed.  A  total  of  31  sensors  at  a  cost  of 
approximately  $33,000,  with  allowance  tor  mounting  several  on  reference 
plates  or  probes,  should  be  adequate  to  obtain  the  necessary 
measurements. 
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Accelerometers  and  strain  gages  are  also  included  in  the  fourth 
column  of  Table  11,  with  a  total  sensor  cost  of  $19,000.  On-board 
potentiometers  to  measure  small  deflections  are  not  expensive  sensors;  < 
variety  of  devices  covering  very  small  to  large  deflections  should  be  in 
the  facility  inventory  at  an  approximate  total  cost  of  $4,000. 

An  inertial  reference  measurement  system,  including  three  pre¬ 
packaged  units  would  cost  about  3100,000. 

The  total  cost  of  the  physical  sensor  inventory  could  range  up  to 
$200,000  to  $300,000,  depending  ^^n  the  specific  options  taken. 


Table  11.  Intrusive  sensor  sum/nary 
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4.2  INFRARED  SYSTEMS. 


Several  infrared  instruments  were  evaluated  as  a  means  of  meas¬ 
uring  spatial  and  temporal  temperature  distribution  of  the  test  article  as 
well  as  radiant  output  of  the  TRS. 

During  facility  checkout,  the  TRS  can  be  characterized  using  a 
Circular  Variable  Filter  (CVF)  radiometer,  and  a  thermovision  system 
(IR  imaging  camera).  These  instruments  will  yield  the  spectral  signa¬ 
ture  and  temperature  profile,  respectively. 

During  testing  periods  of  the  LB/TS  facility,  the  TRS  performance 
will  be  monitored  using  optical  pyrometers  while  the  surface  temperature 
of  the  target  will  be  measured  using  optical  pyrometers  and  a  thermovi¬ 
sion  system.  The  CVF  radiometer  is  not  required  for  routine  testing  in 
the  LB/TS  because  of  its  slow  response  and  represents  a  reference 
device  used  only  on  special  occasions 

4.2.1  Thermovision  System. 

For  determining  the  temperature  profile  of  the  TRS  during  facility 
checkout  and  for  monitoring  surface  temperature  variations  of  the  target 
during  testing,  an  IR  imaging  camera  system  will  be  used.  A  Thermo¬ 
vision®  680  manufactured  by  AGA  of  Sweden  is  the  candidate  system  for 
this  task  [see  Figure  19  (a)  and  (b)].  The  system  has  a  temperature 
measuring  range  from  240  to  1150°K  which  can  be  extended  to  2300°K 
by  installing  a  grey  or  neutral  density  filter  into  the  optics  system. 
The  temperature  range  of  this  instrument  can  be  further  increased  to 
5000°K  with  additional  filtering,  but  calibration  tends  to  become 
difficult.  Figure  20  shows  an  AGA  680  camera  with  a  remote  display 
unit.  This  remote  display  unit  will  be  replaced  by  a  16-bit  micro¬ 
computer  incorporating  an  8-channel  A/D  converter  which  would  yield 
not  only  visual  output  but  also  any  temperature  profiles  requested. 
Again  referring  to  Figure  19,  the  receiving  optics  view  the  target-- 
scanning  is  accomplished  by  a  vertical  and  horizontal  prism--passed 
through  a  chopper,  detector  optics,  selectable  filters  and  apertures, 
and  focused  upon  the  photovoltaic  detector  cell.  This  unit  and  method 
I  of  data  collection  is  typical  of  those  used  in  medical  and  research 

facilities . 


Rotary  chopper  16  rps 


004' 


Thermovision®  680  specifications 


Field  of  View 

Range  of  Focus 

Scan  Rate 

Picture 

Resolution 

Aperture 

IR  Filters 

Measurement 

Range 


Minimum 
detectable 
temperature  A 

Detector 


System  Cost 


8“  to  45° 

0.3m  to  « 

30  frames/sec 


210  raster  lines/frame 
seven  selectable 
eight  selectable 

240  to  2300°K  depending  on  aperture/filter 
combination.  Ranges  will  have  approximately  20% 
overlap. 


0.5°  at  300° K 

Indium  antimonide  (*nSb)  photovoltaic  cells.  Liquid 
nitrogen  cooled  to  67°K. 


Thermovision®  680  $  35,000 

Required  Filters  and  Apetures  15,000 

Data  Acquisition  and  Reduction  System  30,000 

Software  Development  10,000 

System  Installation  and  checkout  15,000 


Total  $105,000 

This  system  has  a  maximum  scan  rate  of  30  scans/sec.  which  is  too  slow 
to  sense  changes  occurring  during  the  diffraction  period  but  is  sufficient 
for  the  drag  period.  Also,  some  mating  of  imaging  system  to  the  data 
acquisition  system  with  corresponding  software  development  is  needed  if 
more  than  a  visual  display  is  required.  The  AGA  680  as  shown  in 
Figure  19  will  only  scan  at  16  frames/sec.  since  the  remote  display  unit 
cannot  be  updated  at  a  faster  rate.  Therefore,  an  A/D  converter  in 
conjunction  with  a  data  acquisition  system  must  be  utilized  to  achieve 
a  scan  rate  of  30  frames/sec. 
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All  IR  imagining  camera  systems  are  one-color  systems,  i.e.,  they 
view  one  selected  narrow  bandpass  filter  at  a  time;  therefore,  they  will 
be  affected  if  the  emissivity  of  the  target  surface  or  the  TRS  flame 
changes  during  the  measurement  period.  Development  of  a  two-color  IR 
imaging  camera  system  is  presently  in  progress.  Prototype  systems  are 
expected  to  be  operational  in  1985. 


4.2.2  Optical  Pyrometers. 

Optical  pryometers  were  evaluated  to  monitor  the  surface  tempera¬ 
ture  of  the  target  in  several  selected  points  (areas)  and  to  monitor  TRS 
performance.  Both  single-  and  two-color  pyrometers  were  evaluated 
and  the  possibility  of  using  fiber  optic  cables  to  view  inaccessible 
surfaces  in  conjunction  with  these  pyrometers  was  also  investigated. 
Figure  21  shows  a  line  drawing  of  both  a  single-  and  two-color 
pyrometer. 


Target  Surface  Measurements 

The  purpose  of  these  measurements  is  to  record  the  temperature  of 
the  target  surface  during  the  diffraction  and  drag  phases.  Sur¬ 
vey  of  available  systems  reveals  that  there  is  no  instrumentation 
available  with  a  response  time  rapid  enough  to  record  data  during 
the  diffraction  period. 

Single-color  pyrometers  have  a  sufficiently  low  measurement  range 
but  will  be  severely  affected  by  emissivity  changes  at  the  target 
surface. 

Dual-color  radiometers  are  relatively  insensitive  to  emissivity 
changes  but  have  a  lower  temperature  limit  which  is  above  the 
normal  temperature  range  of  the  target  surface. 

Therefore,  the  system  proposed  to  make  target  surface  measure¬ 
ments  is  a  modified  Series  8100  instrument  manufactured  by 
Williamson  of  Concord,  MA.  This  series  will  be  designated  the 
4200  series  and  is  a  two-color  optical  pyrometer  with  a  temperature 
range  significantly  lower  than  other  two-color  pyrometers.  This 
unit  will  be  available  in  mid-198^  The  unit  will  also  be  interfaced 
to  the  high-speed  data  acquisition  system  in  order  to  obtain  data 
at  a  rate  significantly  above  that  of  the  commercial  unit  which  uses 
a  slow  real-time  display. 

Fiber  optic  transmission  cables  can  be  used  for  viewing  surfaces  at 
elevated  temperatures,  but  at  the  anticipated  surface  temperature 
ranges,  transmission  losses  will  probably  attenuate  the  signal 
sufficiently  to  render  the  system  unusable,  i.e.,  the  system  will 
not  function  below  450°K. 
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System  Specifications 

Temperature  ranges 
Spectral  lines 
Accuracy 
Repeatability 
Detector 
Response  time 
Field  of  view 


320°  to  700°K,  500  to  1100°K 
0.71  and  1 .0  i0.02 
1%  of  full  scale 
0.5%  of  full  scale 
silicon  pyroelectric 

0.5  sec  (this  can  be  modified  to  10  msec) 
must  be  modified  to  suit  application 


System  Cost  (on  a  per-unit  basis) 


Series  4200  $3,500 

Response  time  modification  250 

FOV  modification  250 

Installation  and  checkout  1,000 


Total  $5,000 


Note  that  as  the  temperature  range  of  interest  is  from  ambient  to 
1000°K,  two  of  these  units  will  have  to  simultaneously  monitor  the 
same  area.  Therefore,  to  monitor  five  discrete  areas  of  the 
target,  the  instrumentation  costs  would  be  $50,000. 


TRS  Performance  Monitoring  Measurements 

A  two-color  optical  radiometer  will  be  used  to  monitor  the  temper¬ 
ature  of  each  TRS  during  operation  so  that  output  for  a  particular 
test  will  be  known  as  well  as  provide  a  test  to  test  comparison  of 
the  TRS  temperature.  The  two-color  radiometer  is  filtered  to  view 
two  specific  wavelengths  0.71  i0.02  and  1.05  ±0.02  micrometers  and 
then  computes  the  ratio  of  radiant  energies  at  those  two  wave¬ 
lengths.  This  ratio  is  a  function  of  temperature  only,  so  that  the 
temperature  is  easily  calculated  once  this  ratio  has  been 
measured.  A  Modline  Series  R  Model  ^R-35C10-4  two-color 
pyrometer  manufactured  by  Incon,  Inc.,  of  Skokie,  Illinois,  could 
be  used  to  perform  this  task.  Figure  22  shows  a  block  diagram 
and  line  drawing  of  a  typical  unit.  This  Modline  series  of 
instruments  is  the  most  extensively  used  in  the  manufacturing 
industry  for  making  non-contact  temperature  measurements. 

Instrument  Specifications 

Spectral  Response  Two  adjacent  bands  with  narrow 

band  centered  at  1.05  micrometers 

Single  Reduction  Range  Above  800°C  will  tolerate  a  95% 

signal  loss  before  activating  an 
invalid  data  alarm 

30  to  130°F 

1%  of  Full  Scale 


Ambient  Temperature  Range: 
Calibration  Accuracy; 
Repeatability: 


0.3%  of  Full  Scale 
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Figur*  22.  Wav«l«ngth  (two-color)  radiometer 


Response  Time:  0.01  seconds 

Standard  View  at  10  Meters  4" 


Analog  Output  0  to  100  MV  D.C. 

Temperature  Range  1800  to  3700° K 


System  Cost  (Per  Unit  Basis) 


Series  R  S  3,900 

High -Response  Option  100 

FOV  Modification*  500 

Installation  and  checkout  1,000 


t  >,500 

System  Cost  for  5  Units  S27,500 


It  should  be  noted  that  for  a  two-color  system  to  work  with 
respect  to  viewing  a  plume,  the  plume  must  be  optically  thick. 


4.2.3  Circular  Variable  Filter  Radiometer 

A  CVF  radiometer  will  be  used  during  facility  checkout  to  deter¬ 
mine  the  spectral  signature  of  the  TRS  by  spectrally  scanning  of  one  of 
the  plumes  for  several  seconds.  A  CVF  is  a  radiometer  which  uses  a 
4"-diameter  rotating  filter  wheel  which  allows  the  unit  to  scan  the  IR 
spectrum  from  0.7  to  7.8  micrometers.  The  unit  has  a  narrow  field  of 
view  of  1 .0°  but  can  be  modified  to  operate  with  a  20°  FOV.  The 
device  can  also  function  as  a  total  radiometer/spectrometer. 

A  complete  scan  can  be  accomplished  in  one  second.  A  Barnes 
Engineering  Company  Model  12-550  Mark  II  Research  Radiometer  will  be 
used  to  accomplish  this  task.  Figure  23  is  a  line  drawing  of  the 
components  of  a  CVF  radiometer.  On  the  following  page  are  listed  the 
Mark  II  specifications. 


*The  f.eld  of  view  could  be  modified  to  give  a  rectangular  FOV  covering 
a  greater  portion  of  the  plume  in  order  to  account  for  gradients  within 
the  TRS  plume.  A  r-by-2-meter  area  is  selected. 


Field  of  View 
Scan  Time 


1®,  with  20°  FOV  optional 

1  second  (this  requires  a  single-stage  buffer) 


Spectral 

Response  0.7  to  8.0  micrometers  can  be  expanded  to 

0.4  to  14.5  micrometers 

Detector  Indium  antimonide  (InSb)  liquid  nitrogen 

cooled  to  67°K 

Chopper  High-speed  -  11,000  Hz  with  250  Hz 

bandwidth 

Output  Dual  Direction  IEEE  488 

Automatic  gain  controls  will  be  incorporated  for  remote  operation. 


System  Costs: 

Model  12-550  -  Mark  II 

$28,500 

Single-stage  buffer 

3,000 

20°  FOV  option 

8,500 

Detector/preamp/cooling  kit 

8,400 

CVF  module  includes  filters 

10,800 

Calibration  of  filter  module 

2,800 

CVF  housing  and  encoder 

5,200 

Motor  Drive  Unit 

5,400 

Dual  Direction  IEEE  488  output  bus 

9,600 

Automatic  gain  controls 

2,400 

Installation  and  checkout 

15,000 

Total 

$99,600 

The  output  of  this  system  can  be  fed  to  the  facility  data  system  or 
can  be  handled  on  an  Apple  2E  microcomputer  with  minimum  software 
required. 

This  instrument  should  be  used  to  characterize  the  TRS  initially 
but  is  not  expected  to  be  needed  during  .fccual  running  periods.  The 
one-second  scan  time  is  sufficient  if  the  TRS  is  run  for  a  period  of 
approximately  five  seconds. 

4.3  X-RAY  SYSTEMS. 

X-raying  as  a  method  of  determining  the  deformation  and  motion  of 
rigid  structures  within  the  outer  skin  of  t^'e  target  vehicle  was  eval¬ 
uated.  Two  types  of  x-ray  systems  were  studied.  One  is  a  pulsed  or 
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Figure  23.  Circular  variabia  filtar  radiomatar  componants. 


flash  x-ray  system  in  which  individual  radiographs  are  exposed 
sequentially  by  means  of  a  rapid  film  changer.  The  other  system  is  a 
videographic  system  whe*-  '  the  response  of  a  fluorescent  screen  to  a 
continuous  x-ray  sourc  is  photographed  using  a  high-speed  video 
camera  and  video  tape  system. 


4.3.1  Pulsed  X-Ray  System. 

A  flash  x-ray  system  can  be  utilized  to  determine  the  motion  of 
rigid  structures  within  the  outer  skin  of  the  target  vehicle.  Dis¬ 
placement  of  internal  parts  can  be  measured  wit.h  a  resolution  of  0.05 
inches . 

The  flash  x-ray  system  consists  or  x-ray  tube  head  with  associated 
pulsar  (capacitor  bank),  power  supply,  and  controllers  .-•long  with  a 
compatible  film  changer.  Radiographs  can  be  acquired  at  the  rate  of  6 
to  8  per  second  depending  on  the  type  of  film  changer  employed. 


A  flash  x-ray  installation  is  shown  in  Figure  4.6  with  the  x-ray 
source  at  the  top  of  the  test  chamber  and  the  film  changer  installed  in 
a  chamber  below  the  target.  This  arrangement  is  necessary  to  minimize 
object-to-film  distance  (OTFD)  since  resolution  is  inversely  proportional 
to  OTFD.  A  Hewlet  Packard  1.0  or  2.3  MeV  flash  x-ray  system  will  be 
employed  depending  on  the  amount  of  penetration  needed.  If  the  test 
article  can  be  configured  so  that  penetration  of  major  structural 
members  is  not  required  then  a  less  powerful  system  such  as  a  450  KeV 
system  could  be  utilized.  Listed  below  is  a  summary  of  penetration 
capabilities  of  these  systems  for  steel. 


to-Source  Distance 
(FTSD) 

.45  MeV 

1  MeV 

2.3  MeV 

5  feet 

1.0" 

2.0" 

3.7" 

10  feet 

.5" 

1.25" 

2.7" 

These  are  the  industry  standards  for  x-ray  units  and  hav.-  com¬ 
mercial  controls  and  operating  systems.  The  difference  between  the  two 
systems  lies  in  the  size  of  the  power  supply  and  pulsar  (the  capacitor 
bank).  Figure  24(a)  shows  the  required  installation  and  it  should  be 
noted  that  freon  (gaseous)  and  high-purity  air  supplies  are  needed 
to  act  as  dielectrics  in  the  pulsar  assembly. 

There  are  three  film  changers  available  which  can  handle  12"x10" 
to  14"xl7"  sheets  of  film.  The  one  needed  in  this  application  is  the 
Franklin  film  changer  which  accommodates  12"-wide  roll  film.  The 
proper  film/screen  combination  can  also  be  accommodated  by  the 
Franklin  without  modification.  The  Franklin  film  changer  is  a  standard 
piece  of  equipment  in  the  medical  field  and  can  change  film  at  the  rate 
of  six  frames  per  second,  a  rate  which  is  marginal  for  LB/TS  use. 

Costs 

HP  0.45  MeV  System  $130,000 

HP  1  MeV  System  200,000 

Franklin  Film  Changer  75,000 

Installation  30,000 

Checkout  10,000 

Total  System  Cost  (1.0  MeV)  $315,000 

(1.0  MeV)  $245,000 


It  should  be  noted  that  x-ray  systems  of  the  energy  level  required  for 
the  LB/TS  pose  a  severe  hazard  to  personnel  without  proper  safe¬ 
guards.  The  radiation  output  per  pulse  is  2  rads  where  the  allowable 
limit  per  personnel  is  2  millirads/hr.  Any  photographic  film  used  in  the 
LB/TS  facility  will  also  have  to  be  shielded  or  fogging  will  occur. 

The  addition  of  small  lead  targets  inside  the  target  vehicle  will  not 
decrease  the  penetration  power  required,  but  will  greatly  enhance  the 
contrast  of  the  radiographs  obtained  when  the  device  is  used  to  pre¬ 
cisely  track  motion  of  internal  elements  of  the  target  structure  over 
limited  distances. 


4.3.2  Fluorescopic  Real-Time  X-Ray. 

A  real-time  continuous  output  radiography  system  can  also  be 
utilized  to  detect  structural  movement  within  the  target  vehicle.  This 
system  would  emit  a  continuous  source  of  x-rays  which  would  penetrate 
the  area  of  interest  and  illuminate  a  fluorescent  screen  which  has  a 
rapid  decay  time.  This  screen  is  imaged  on  a  mirror  and  photographed 
using  a  high-speed  video  system.  This  system  would  consist  of  a 
Varian  Linatron  Model  3000  continuous  x-ray  source  and  an  Industrial 
Research  Technology  (IRT)  IRIS-100  Real-Time  Digital  Radiography 
System.  Again,  if  the  test  article  can  be  configured  so  that  the  pene¬ 
tration  requirements  can  be  relaxed,  then  a  Linatron  Model  1000  source 
can  be  used.  Figure  24(b)  shows  a  block  diagram  of  the  system  in  the 
test  facility  and  Figure  24(c)  shows  the  components  within  the  IRT 
IRIS  system. 


Linatron  3000  System  Specifications 
Beam  Energy 

X-Ray  Output  (Rads/min. 

@  1  meter) 

Source  Focal  Spot 

Penetration  (for  steel) 

Power  Requirements 

Cooling  Water  Flow 


5.5  MeV 

1000 
2mm 
1  inch 

3  phase,  208  volts 

4  gals/min.  @  50  PSIG  @  50°F 


IRT  IR'S  System  Specifications 

Framing  Rate*  120  frames/sec. 

Video  Output  512x512  pixels  (1024x1024 

available) 

Resolution  .03” 

The  IRT  IRIS  system  has  complete  data  acquisition  and  data  reduc¬ 
tion  capability,  and  the  system  is  delivered  as  a  unit. 

Linatron  1000  Cost: 


Linatron  Model  1000 

S320,000 

Spare  Parts  Package 

15,000 

Water  Circulation  System  With  Chiller 

18,000 

Installation  and  Checkout 

35,000 

IRIS  System  Cost: 

IRIS-100  system 

$210,000 

Installation  of  Camera  Box 

15,000 

Installation  of  Control  Console 

10,000 

System  Checkout 

5,000 

Integrated  System  Checkout 

10,000 

Total  System  Cost 

$638,000 

If  the  Model  3000  Linatron  is  required,  system  cost  would  increase  by 
SI  22, 000. 

Figure  24(a)  shows  the  camera  box  mounted  below  the  target  since 
the  object-to-film  distance  (OTFD)  should  be  minimized  to  maximize 
system  resolution.  Contrast  can  be  enhanced  by  using  lead  sheeting  or 
lead  elements  attached  to  the  internal  structures  of  interest.  This  will 
also  add  flexibility  to  setting  the  intensity  level  of  the  fluorescent 
screen,  which  is  proportional  to  the  flux  density  bombarding  the 
screen . 


*This  is  the  maximum  rate  for  the  IRT  system. 


Figure  24(b).  Block  diagram  of  system  installation. 


SCREEN  CAMERA  BOX  ASSY 


Figure  24(c).  Block  diagram  of  IRT  IRIS  digital  radiography  system. 


It  must  be  noted  that  any  x-ray  system  of  this  size  is  to  be 
considered  a  significant  health  hazard  to  personnel  when  it  is  in  opera¬ 
tion  since  it  emits  six  orders  of  magnitude  more  radiation  than  the 
allowable  limit.  Precautions  must  also  be  taken  to  shield  any  photo¬ 
graph  film  near  this  Linatron  unit  or  fogging  equivalent  to  several 
f-stops  exposure  will  result. 

4.4  LASER  DOPPLER  VELOCIMETRY,  LDV. 

A  time  history  of  flow  velocity  can  be  determined  using  a  com¬ 
mercially  available  nonintrusive  two-component  backscatter  laser  doppler 
velocimeter  system.  Single-point  measurements  will  be  made  approxi¬ 
mately  three  feet  from  the  test  cell  vertical  centerline  and  the  vertical 
height  will  be  determined  by  the  location  of  test  cell  windows. 

The  proposed  system  will  be  purchased  from  Thermo  Systems,  Inc. 
(TSI),  of  St.  Paul,  Minnesota.  A  2-watt  Lexel  laser  will  be  used  in 
conjunction  with  a  TSI-designed  optical  system,  signal  processors,  and 
a  microcomputer  for  data  acquisition  and  display.  The  system  is  cap¬ 
able  of  a  maximum  velocity  measurement  of  2300  m/sec.  and  maximum 
data  rate  of  8000  samples  per  second  for  a  single  channel  and  5000 
samples  per  second  in  the  2-channel  coincidence  mode. 

The  system  9100-8  uses  a  2Vy  Argon- Ion  laser  operating  at 
514.5  nm  and  488.0  nm  and  a  dichroic  color  separator  to  accomplish  the 
color  separation  in  the  transmitting  optics.  The  system  transmitting 
optics  are  designed  so  that  many  of  the  functions  needed  for  the  trans¬ 
mitting  section  are  built  into  a  complete  single  unit.  This  high-density 
packaging  enables  one  to  mount  the  laser  and  transmitting  optic  in  an 
area  of  approximately  2'  x  6'. 

The  transmitting  optics  will  generate  a  measuring  volume  with  the 
following  characteristics: 

Distance  from  transmitting  lens  1,524  mm 

Diameter  of  probe  volume  265  pm 

Fringe  spacing  23.2  pm 

of  fringes  in  probe  volume  11 


Half  angle  between  beams  0.634  degrees 

Length  of  probe  volume  24  mm 

Signal-to-noise  ratio  14 

The  receiving  optics  included  with  this  system  are  a  compact 
dichroic  color  splitter  and  photomultiplier  system.  A  field  stop  system 
is  included  to  minimize  the  effects  caused  by  reflections. 

The  processor  supplied  with  the  system  (Model  ^1980A)  has  a 
2-nanosecond  resolution  (equivalent  to  a  500-MHZ  clock).  The  digital 
output  from  the  processor  will  be  interfaced  to  the  TSI  Model  6250 
Two-Channel  Data  Analysis  System.  The  Model  6250  Data  Analysis 
System  is  a  complete  two-channel  package  for  on-line  data  analysis 
using  an  Apple  II  computer.  Data  can  be  taken  in  blocks  of  uo  to 
4096  points  each  and  analyzed  or  stored  on  disk.  Velocity  statistics 
calculated  for  each  channel  include  mean  velocity,  standard  deviation, 
and  turbulence  intensity  as  well  as  plots  of  the  amplitude  probability 
distribution.  The  coincidence  mode  of  operation  provides  cross- 
correlation  and  Reynolds  stress  values. 

Data  is  displayed  directly  in  engineering  units  since  all  optical 
parameters  for  both  channels  are  entered  prior  to  taking  data.  Select¬ 
able  scaling  allows  the  user  to  expand  the  scales  on  the  amplitude 
probability  distributions  and  obtain  optimum  resolution. 

Given  below  is  a  cost  breakdown  for  the  TSI  9100-8  LV  System. 

Model  #  Item  Description  Cost 


(1)  9196-2 

Base  and  Argon-Ion  Laser  for  2W 

(1)  9109 

Mirror  Set 

(1)  9112 

Dichroic  3-Beam  Two-Color 
Transmitting  Optics 

(1)  9108 

Beam  collimator 

(1)  9180-12 

Frequency  Shifter 

(1)  9114-22 

Beam  Spacer 

(1)  9189 

3.75x  Beam  Expander 

(1)  9144 

Color  Separator-Scatte-ed  Light 

(1)  9178-1 

Rotating  Mount  for  Beam  Splitter 

(1)  9179 

Rotating  Mount 

(2)  9160 

Photomultiplier  System 

(2)  1980A 

Counter  (11,340  each) 

(1)  9143 

Field  Stop  System 

(1)  9169-1500 

Lens 

(1)  9158 

Color  Filter 

S  21,745 
1,945 

3,640 
435 
7,630 
1,460 
3,620 
3,455 
1,185 
500 
4,985 
22,680 
1,815 
1,530 

375  1 


Model  # 

Item  Description 

Cost 

(1)  9159 

Color  Filter 

375 

(1)  10096 

Alignment  Eyepiece 

260 

(1)  10097 

Optics  Case  and  Accessories  Kit 

245 

(1)  10092 

Microscope  Objective 

285 

(1)  6250 

Two-Channel  Data  Analysis  System 
(includes  Apple  11  Computer 
with  48K  RAM,  Monitor,  Disk 

Drive,  Software,  and  Printer) 

9,300 

System  Installation  And  Checkout 

25,000 

System  Total 

$112,500 

Shown  in  Figure  25(a)  is  a  block  diagram  of  the  proposed  LV  system. 

As  stated  earlier,  the  maximum  velocity  measurement  capability  of 
this  system  is  2300  m/sec.;  therefore,  this  system  will  easily  measure 
the  specified  range  of  6  to  600  m/sec.  encountered  in  the  LB/TS. 
Depending  on  the  number  of  particles  present,  and  effective  sample  time 
or  intervals  between  velocity  measurement  points  of  10  msec,  to  0.1 
sec.  can  be  achieved  with  this  system  (100  to  1000  particles  per 
velocity  sample) . 

The  LDV  system  makes  a  point  measurement,  in  particular,  the 
measurement  area  of  the  specified  system  is  a  265-vim-diameter  by 
24-mm-long  area  shown  in  Figure  25(b).  Shown  in  Figure  25(c)  is  a 
graph  of  the  PMT  signal  output  versus  time  as  a  particle  passes 
through  the  probe  volume.  The  velocity  of  the  particle  is  determined 
by  measuring  the  period  between  adjacent  peaks  and  dividing  this  into 
the  known  fringe  spacing  of  the  probe  volume.  It  is  necessary  to  keep 
the  probe  volume  as  small  as  possible  in  order  to  prevent  multiple 
occurrences  of  particles  in  the  volume  which  would  distort  the  signal 
and  thereby  prevent  an  accurate  measurement  of  the  period.  Because 
of  the  small  measuring  volume  of  the  LV,  it  will  be  necessary  to  reposi¬ 
tion  the  LV  system  in  order  to  cover  the  full  3-m  x  3-m  space  ahead  of 
the  target  which  may  be  of  interest  in  the  LB/TS.  Due  to  the  short 
duration  of  the  test  it  is  not  feasible  to  traverse  the  system  during  this 
time  frame. 

It  has  been  assumed  that  the  naturally  occurring  particles  in  the 
flow  (dust  and  aerosols)  will  be  of  sufficient  size  and  number  density  to 
provide  adequate  seeding.  The  data  rate  which  can  ultimately  be 
achieved  is  influenced  by  the  density  of  naturally  occurring  seeding 
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material.  If  this  is  not  the  case,  an  atomizing  injector  of  an  aerosol  or 
powder  seed  in  one  driver  and  the  driven  tube  will  enhance  accuracy 
and  time  response.  The  quantity  of  artifically  induced  particles 
required  is  not  sufficient  to  visibly  obscure  the  target.  A  plot  of 
sample  size  versus  precision  in  velocity  measurement  for  the  LV  system 
is  given  in  Figure  25(d).  For  low  turbulence  level  freestream  flow 
(Tl  ~  2  percent),  a  measurement  of  the  mean  flow  velocity  to  one- 
percent  accuracy  can  be  achieved  with  as  few  as  20  particles  (less  than 
5  msec  per  measurement  in  the  LB/TS).  However,  if  the  flow  velocity 
is  highly  unsteady,  then  1000  particles  (~100  msec)  will  be  required  to 
achieve  the  one  percent  accuracy  measurement  of  mean  velocity.  In  any 
event,  the  velocity  histogram,  including  every  particle  velocity  mea¬ 
surement  at  8000  per  second  is  available  for  more  sophisticated  analysis 
following  the  test.  Assuming  that  all  particles  are  small  and  uniform  in 
size,  rather  large  velocity  transients  (in  time)  can  be  tracked  for  time 
rate  of  change  above  the  relaxation  time  for  the  specific  particle  size 
and  flow  density. 

4.5  HIGH-SPEED  PHOTOGRAPHY. 

It  is  required  to  monitor  component  displacements  that  the  targ  t 
may  undergo  and  also  monitor  the  overall  effect  of  the  blast  and  blow¬ 
ing  on  the  target.  In  order  to  fully  document  the  effect  of  the  blast 
on  the  article  it  will  be  necessary  to  monitor  as  much  of  the  test  article 
as  possible,  thereby  requiring  multiple  views.  Of  primary  interest  will 
be  a  time  history  of  the  blast  on  both  a  localized  and  overall  area. 

The  proposed  high-speed  photography  system  will  consist  of  eight 
high-speed  rotating-prism  cameras  operating  at  4000  fps  (Hycam)  and 
eight  high-speed  intermittent  pin-registered  cameras  operating  at 
500  fps  (Locam).  An  extensive  inventory  of  spares,  multiple  lenses, 
etc.,  is  also  considered  essential  for  the  versatile  photography  system 
envisioned.  Also  available,  but  not  aosolutely  necessary,  is  a  high¬ 
speed  video  system  which  will  provide  an  immediate  playback  of  the 
test.  The  disadvantage  of  the  video  system  is  the  cost  which  will  be 
discussed  later. 


The  high-speed  cameras  will  consist  of  two  Series  41  Hycam  II 
cameras,  two  Series  51  Locam  II  cameras,  both  manufactured  by  Redlake 
Corporation,  and  the  high-speed  video  system,  which  will  consist  of  the 
SP2000  Motion  Analysis  System  manufactured  by  Spin  Physics. 

Specification  of  each  system  is  as  follows: 

Series  41  -  Hycam  II  Camera 


Film  Capacity: 


Speed  Range: 


Speed  Control: 
Speed  Selector: 
Acceleration : 
Event 

Synchronizer: 

Power 

Requirements: 


Lens  Mount: 

Footage 
I  ndicator : 


16  mm  X  400  feet  acetate  base  film  or 
16  mm  X  450  feet  4  mil.  polyester  base  film 

20  to  11,000  frames  per  second  (full  frame) 

40  to  22,000  frames  per  second  (half  frame) 

80  to  44,000  frames  per  second  (quarter  frame) 

Electronic  Servo  Control,  provides  regulation 
over  entire  speed  range  to  ±1% 

Thumbwheel  speed  selectro  switch  in 
10  FR/sec.  increments 

1.5  seconds  to  5000  FR/sec.,  utilizes  75'  of 
film  to  reach  speed 

Thumbwheel  selector,  4  to  336  feet  in 
4-foot  increments.  Accuracy  t5% 


115VAC  60  Hz 

10  mm  FL  f/1.8  15’FOV  @  15'  working 
distance 

"C"  ASA  Standard 


Manual  Level  Type 


Series  51  -  Locam  II  Camera  (Intermittent  Pin-Registered) 


Film  Capacity: 


Speed  Range: 
Speed 

Requirements: 

Start/Stop: 

Shutter: 

Footage 

Indicator: 


Lens : 


16  mm  -  Accepts  100',  200',  and  400'  daylight 
load  spools 

Continuously  variable  from  2  to  500  FR/sec 


115  VAL,  60  Hz 

Connector  prc'.  'ded  for  remote  operation 
Variable  from  0°  to  160° 

Positive  displacement  type  indicating  film 
remaining 

150  mm  FL  f/4.0  1'  FOV  @  15’  working 
distance 


High-Speed  Video  System 


Recording:  60-2000  full  pictures/second  with  capability  of 

12,000  pictures/second  in  split  frame  mode 

Recording 

Time:  8  minutes  @  200  frames  per  second 

45  seconds  @  12,000  frames  per  second 

Direct  Live  Viewing 

Instant-Replay  Slow 
Motion 

Freeze-Frame  Display 

Standard  Video  Format 

Pre-event  and 

Post-event  trigger 
controls . 

Lens:  12.5-75mm  marco  zoom  lens,  f/1.8 

Standard  C-M 
print  lens. 

The  only  interface  requirements  of  the  described  systems  will  be 
that  of  a  start  pulse  from  LB/TS  sequencing  control. 

Shown  in  Figure  26  is  a  layout  of  the  camera  systems'  relation  to 
the  test  article  for  a  basic  position  measurement  system.  The  Hycam 
systems  will  be  located  45°  off  test  cell  centerline  and  will  each  have  a 
horizontal  field  of  view  of  approximately  15’  at  a  working  distance  of 
15'.  Having  a  camera  on  each  side  of  the  test  cell  will  allow  viewing 
the  front  surface  and  both  ends  of  the  test  article  simultaneously. 

The  Locam  system’s  position  will  be  located  so  as  to  view  a  1  ft^ 
area  at  a  working  distance  of  15'.  The  camera  placement  on  the  test 
cell  will  be  determined  by  the  specific  area  of  interest  on  the  test 
article.  The  pin-registered  optics  of  the  Locam  are  better  suited  for 
close-up  viewing  of  specific  points  of  interest.  A  large  number  of 
viewing  ports  should  be  provided  in  the  LB/TS  to  facilitate  camera 
setup  for  each  specific  test  with  multiple  camera  viewing  angles  and 
fields  of  view  possible  on  each  test. 


The  single  camera  high-speed  video  system  could  be  positioned 
in-line  and  upstream  of  the  test  article,  i.e.,  on  the  top  of  the  test  cell 
looking  down  toward  the  model  providing  an  overall  view  of  the  test. 


HIGH  SPEED 
VIDEO  SYSTEM 


Figure  26.  High  speed  camera  system  installation, 
(orthogonal  view) 


This  system  will  provide  real-time  viewing  and  instant- replay  in  slow 
motion.  The  primary  advantage  of  this  system  is  the  instant-replay 
capability. 


A  itemized  cost  breakdown  is  given  as  follows: 
Hycam  Systems 


Model 

Description 

Qty 

Price  Ea 

Total 

41 -0064 

Camera-Full  Frame 

8 

S  7,875 

$  63,000 

Multiple  Lens  Sets 

10 

431 

4,310 

41-0192 

Timing  System 

6 

510 

3,060 

41-0115 

Case 

8 

225 

1,800 

41-2119 

1/5  Shutter 

5 

32 

320 

41-2120 

1/10  Shutter 

5 

32 

320 

8-High  Speed  Hycam  S 
(up  to  5  in  use  at  any 
given  time) 

ystems 

S  72,810 

Intermittent  Pin-Registered  Systems  -  Locam 


51 -0003 

Locam  Camera 

8 

S  6,850 

$  54,800 

9001 -0026 

Lens  150  mm  F.  L. 

8 

690 

5,520 

51-0197 

Timing  System 

6 

385 

2,310 

50-0152 

Shutter  Pulse  Unit 

6 

190 

1,140 

50-0599 

Reflex  Optics 

5 

550 

2,750 

50-0743 

Boresight  Tool 

2 

475 

950 

51-0196 

Case 

8 

200 

1,600 

8  Pin-Registered  Systems 
(up  to  5  in  use  at  any 
given  time) 

$  69,070 

Lighting 


121-031 


Cine  Queen  Flood 
(1 ,000  watts  ea. ) 


100 


250 


S  25,000 


High-Speed  Video  System 

SP2000  Motion  Analysis  Sys.  1  110,000  110,000 

Including  control  board,  video  monitor,  tape  recorder, 
power  supplies,  and  all  electronics.  Also  includes  one 
high-speed  camera  complete  with  attached  video  finder, 
f/1.8,  and  12.5-75  mm,  macro  zoom  lens.  Also  includes  one 
25-foot  cable  (camera  to  console)  three  blank  recording 
cassettes,  one  test  cassette,  a  service  manual,  an  operation 
and  maintenance  manual,  a  tape  head  cleaning  kit,  and  two 
ATA  approved  reusable  shipping  cases. 

System  Cost; 


Hycam  System  S  72,810 

Locam  System  69,070 

High-Speed  Video  System  110,000 

Photography  and  Video  System 
Installation,  Checkout  25,000 

Lighting  System  25,000 

Total  High-Speed  Photography  and 
Video  System  Cost:  S301 ,880 


Note  that  the  cost  cited  above  includes  a  high-intensity  lighting  system. 
Lighting  requirements  were  determined  based  on  the  short  test  time, 
possible  clouding  in  the  flow,  and  high  proposed  framing  rates  which 
are  representative  of  the  LB/TS. 

4.6  LB/TS  MOTION  ANALYSIS  SYSTEM. 

The  high-speed  photographic  and  video  camera  equipment  dis¬ 
cussed  in  the  previous  section  used  to  record  the  target  impulse 
response  will  generate  large  quantities  of  information  requiring  some 
form  of  data  reduction.  Film  analysis  is  commonly  accomplished 
manually,  by  examining  the  film  frame  by  frame.  Manual  analysis  of 
film  is  an  expensive,  time-consuming  process  which  could  be  made  more 
efficient  with  the  use  of  computer  automated  techniques.  Data  reduc¬ 
tion  for  the  high-speed  cameras  can  oe  facilitated  with  the  use  of 
commercially  available  digital  analysis  systems.  The  degree  of  auto¬ 
mation  available  for  analyzing  displacement,  velocity,  and  acceleration 
range  from  almost  totally  manual  operation  to  computer  controlled 
digitizing  and  frame  counting.  In  order  to  be  cost  effective,  the  type 
of  system  chosen  will  ultimately  depend  on  the  quantity  of  film 
generated  and  the  turnaround  time  required  for  the  completed  analysis. 


Separate  systems  are  available  for  the  analysis  of  high-speed  video 
tape  recordings  and  high-speed  photographic  film.  This  choice  will  be 
dictated  by  the  primary  recording  medium  chosen.  Some  advantages,  for 
using  photographic  film  over  video  include  higher  image  resolution  and 
frame  rates,  and  more  fully  automated  data  analysis  systems  are  avail¬ 
able  on  the  commercial  market  for  film.  The  disadvantages  may  be 
system  cost  and  time  (due  to  film  processing)  as  discussed  below. 

The  two  best  options  available  today  for  photographic  film  analysis 
are  the  Model  78-1  and  Model  80  Automatic  Film  Reading  Digital  Analysis 
Systems  from  Instrumentation  Marketing  Corporation.  Both  systems 
have  an  automated  tracking  capability  requiring  the  use  of  cooperative 
targets  such  as  light  emitting  diodes  or  high-contrast  quadrant  targets. 
The  targets  are  recognized  with  a  pre-programmed  algorithm  based  on 
contrast  requirements.  The  X  and  Y  coordinates  are  automtstically 
digitized  and  stored  in  the  system  computer,  a  Nova  4/X  16-bit  micro¬ 
processor.  Degraded  imagery  and  non-cooperative  targets  may  be  read 
manually  in  the  semi-automatic  mode.  In  this  case,  the  operator 
manually  positions  a  cursor  or  crosshairs  at  the  point  of  interest  and 
then  digitizes  the  coordinate  information. 

The  cost  breakdowns  of  the  automatic  film  reading  systems  are  as 
follows : 

Model  78-1  Automatic  film  reading  system 

System  includes  Nac  film  motion  analyzer,  scanning 
camera,  control  console,  scan  converter.  Nova  4/X 
computer,  video  display  terminal,  12.5  Mbyte  fixed 
disc,  and  1.26  Mbyte  floppy  disc  drive 


System  base  price 

$285,000 

16mm  projection  head  #161 

8,000 

35mm  projection  head  #351 

12.000 

70mm  projection  head  #701 

38,000 

9-track  mag  tape  drive 

27,000 

Total  system  price 


S370,0C0 
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Model  80 


Automatic  film  reading  system 


System  includes  16,  35,  and  70mm  film  transports, 
solid-state  analyzing  table,  digitizing  camera,  scan 
converter.  Nova  4/X  computer,  keyboard,  12"  and 
9"  displays,  disk  drive,  mag  tape,  and  line  printer 

Total  system  price  $950,000 

Additional  features  of  the  system  software  for  the  Model  78-1 
include: 

1 .  Automatically  locates  specified  targets  and  determines  X  and  Y 
coordinates  of  each  target  center 

2.  Automatically  locates  cooperative  fiducials  in  each  frame 

3.  Automatically  reads  either  BCD  LED  data,  7-segment  alpha¬ 
numeric  LED  data,  or  frame  edge  timing  pulses 

4.  Allows  for  manual  input  of  data  by  placement  of  crosshairs  on 
the  target 

In  addition  to  the  above  features,  the  Model  80  software  offers  a 
more  advanced  operating  system,  FORTRAN  and  FORTRAN  V  compilers, 
and  a  package  with  FORTRAN  diagnostic  software. 

Video  analysis  systems  are  available  from  two  sources.  Spin 
Physics  and  Instrumentation  Marketing  Corporation.  Neither  of  these 
systems  currently  offers  fully  automated  motion  analysis.  The  Spin 
Physics  model  SP2000  Motion  Analysis  System  has  been  described  pre¬ 
viously  in  terms  of  its  high-speed  video  framing  and  recording  cap¬ 
abilities  (Section  4.5).  Note  that  the  image  digitizing  capability  is 
included  in  the  basic  system  price  of  $110,000.  The  SP2000  offers 
semi-automated  two-axis  position  measurement  capable  of  handling 
approximately  2000  frames/sec.  Measurement  of  displacements  is  accom¬ 
plished  manually  by  positioning  integral  crosshairs  over  the  target  and 
obtaining  a  numerical  readout  of  the  X  and  Y  coordinates.  This  infor¬ 
mation  is  digitized  and  stored,  frame  by  frame,  for  later  use  in  cal¬ 
culations.  Calculations  of  displacement,  velocity,  and  acceleration  may 
then  be  performed  on  commercially  available  microcomputers  such  as  an 
HP-85,  an  HP-2628A,  or  a  PDP-11,  for  example.  This  computer  is  not 
included  in  the  basic  price  of  the  system.  Software  is  currently  under 
development  to  recognize  and  track  cooperative  targets  based  on  a 
contrast  resolving  algorithm.  One  potential  drawback  of  this  system  is 
that  the  cameras  must  be  located  within  100  feet  of  the  recording  unit. 
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Additional  options  required  to  give  the  system  its  full  analysis 
capability  for  measuring  three-axis  motion,  assuming  availability  of  the 
software  in  the  near  future,  are: 


SP2020  (2)  additional  high-speed  cameras  -  one 

provides  second  view,  one  spare 

1001996  RS-232  or  IEEE  4888  interface 

1001540  Strobe  interface  assembly 

1001760  Pre/post-event  trigger  PC  board 

(2)  Schneider  zoom  lens 

(2)  Nikkor  f/2.8  lens 

(2)  Nikkor  f/4  lens 

Minicomputer 

Total  options  price 


340,000 

5,000 

2,250 

2,600 

1,800 


1,550 

5,000 

358,950 


The  total  cost  for  the  SP2000-based  video  analysis  system  is  then 
3168,950. 

The  Videometrics/200  Video  Analysis  System  from  Instrumentation 
Marketing  Corporation  has  the  same  basic  features  as  the  SP2000. 
Semi-automated  image  analysis  is  accomplished  as  before,  by  manually 
positioning  a  cursor  over  the  desired  target  location  and  then  digitizing 
the  coordinates.  The  frame  rate  is  limited  to  200  frames/sec  in  split 
frame  mode.  The  price  breakdown  for  the  Videometric/200  analysis 
system  is: 

PDS-200  Basic  system  consisting  of  control 

console,  scan  converter,  power  supply, 

and  scanning  camera  S  94,050 

Nova  4/S  computer,  terminal,  12.5  Mbyte 

disc  system,  RDOS  operating  system,  and 

FORTRAN  IV  software  24,600 

Total  analysis  system  price  3118,650 

This  package  does  not  include  the  recording  system. 

Brochures  describing  these  systems  are  included  in  Appendix  A. 
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4.7  SHADOWGRAPH  SYSTEM. 


A  qualitative  analysis  of  the  shock  formation  about  the  test  article 
can  be  determined  by  the  use  of  a  shadowgraph  system.  Data  acquisi¬ 
tion  will  be  initiated  just  prior  to  the  diffraction  period  and  extend  into 
the  drag  phase.  Due  to  the  cost  of  optical  windows,  mirrors,  and  the 
high-intensity  lighting  system,  a  small  24"-diameter  shadowgraph  was 
selected  for  evaluation.  This  system  is  marginal  for  LB/TS  application, 
giving  only  limited  views  of  the  flow  field  around  specific  portions  of  a 
target. 

The  system  will  consist  of  a  nanosecond  light  source,  a  high-speed 
camera,  and  24"  schilieren  optics.  The  light  source  and  camera  will  be 
operated  at  a  10,000-Hz  rep  rate  which  will  provide  100  frames  of  data 
during  the  10-millisecond  diffraction  period.  Due  to  the  speed  of  the 
shock  (on  the  order  of  400  m/sec.)  during  this  period  and  a  10-kHz 
rep  rate  on  the  shadowgraph  system,  there  will  be  an  approximate 
shock  displacement  of  4  cm/frame.  Given  below  is  a  price  breakdown  of 
the  system: 

Light  Source:  PRA  Model  -501C  S11,280 

1-20  nsec  pulse  width, 
spectral  output  from  190  nm- 
800  nm 

4  watts  peak  power  (P  5-kHz  rep  rate, 

106  m  watts  @  50- kHz  rep  rate 


Camera:  Redlake  -  Hycam  -41-0064  with  S  9,105 

accessories,  speed  range  20- 
11000  frames/second 

Beam  splitter  and  TV  5,000 

Optics:  24"  schlieren  quality,  single  pass  74,000 

24"  windows  with  mounts  S35,000 
parabolic  mirrors  S34,000 
mirrors  S5,000 

Control  panel  and  cables  15,000 

System  Design,  Manufacturing,  and  Installation  45,000 


Total  System  Cost  5160,000 


Provision  should  be  made  for  vertically  and  axially  traversing  this 
system  for  coverage  around  various  targets  using  combinations  of 
multiple  ports  on  both  sides  of  the  test  station.  It  should  be  pointed 
out  that  the  use  of  a  pulsed  laser  is  not  practical  because  of  the  limited 


amount  of  data  that  would  be  required  due  to  low  rep  rates  of  existing 
lasers.  For  example,  a  laser  pulse  of  750  usee  would  provide  8  frames 
of  data  during  each  laser  pulse  (one  pulse  per  second)  and  a  Q-switched 
laser  pulse  of  20  n  seconds  would  provide  1  frame  of  data  during  the 
10-millisecond  diffraction  period  (one  laser  pulse  per  second,  maximum). 

4.8  MOIRE  PHOTOGRAPHY. 

In  the  large  blast  thermal  simulator  facility,  displacement  of 
various  sections  of  the  test  vehicle  must  be  monitored  during  and  after 
passage  of  the  shock  to  determine  the  extent  of  deformation  and 
damage.  A  non-contact  technique  for  measuring  relatively  small 
out-of-plane  displacements  (5  mm)  is  Moire  photography.  This  optical 
imaging  technique  can  measure  displacement  independent  of  object 
contours.  Moire  fringes  are  formed  by  overlaying  two  sets  of  grids-- 
one  grid  is  projected  on  the  object,  the  image  of  the  object  is  viewed 
through  the  second  grid.  Changes  in  object  grid  spacing  generate  the 
larger  Moire  fringes.  The  sensitivity  of  the  technique  is  given  by 

Az  =  P/(tan  6*  tan  B) 

where  P  is  the  period  of  the  grid  projected  on  the  object,  6  is  the 
projecting  angle  of  the  fringes,  and  B  is  the  viewing  angle. 

The  proposed  Moire  system  would  be  set  up  in  the  LB/TS  facility 
to  observe  a  section  of  the  vehicle,  such  as  hood,  fender,  door  panel, 
cab  roof,  or  windshield.  An  area  3.25  ft  x  2  ft  can  be  viewed  for 
analysis.  Source  and  viewing  optics  would  be  located  outside  the 
facility  with  grid  protection  through  optical  ports.  Transient  meas¬ 
urements  can  be  made  using  a  standard  CCTV  system,  a  Spin  Physics 
2000  system,  or  a  high-speed  camera.  Images  of  the  undeformed  sur¬ 
face  would  be  compared  to  those  of  the  deformed  surface  to  highlight 
the  deformation . 

The  only  commercially  available  Moire  system  found  in  this  study  is 
manufactured  by  Fujinon,  Inc.,  of  Scarsdale,  NY.  A  picture  of  this 
system  is  shown  in  Figure  27.  The  lower  of  the  two  lens  projects  a 
grid  onto  the  surface  and  the  upper  lens  focuses  the  gridded  surface 
onto  a  second  grid  which  is  viewed  by  the  camera.  The  camera  image 
contains  Moire  fringes  of  the  surface  contour.  Any  changes  in  contour 


are  indicated  by  changes  in  the  Moire  fringe  pattern.  System  sensi¬ 
tivity  is  2.5  mm  (black  to  black).  An  example  of  the  fringe  pattern 
produced  by  a  car  fender  is  shown  in  Figure  28.  The  standard  optics 
package  for  this  system  permits  displacement  of  surfaces  to  be  measured 
at  distances  of  up  to  1.8  m  from  the  device.  Simple  adjustment  of  this 
optic  package  will  permit  viewing  at  5  m  from  the  device.  Whole  body, 
inplane,  motion  of  the  target  cannot  be  easily  distinguished  from  defor¬ 
mation  of  the  target--both  result  in  fringe  movement  at  2  to  5  mm  per 
fringe.  Deformation  relative  to  any  fixed  point  on  the  target  can  be 
determined,  however.  In  addition,  for  cases  in  which  large-scale  rigid 
body  motions  develop,  the  target  will  move  out  of  focus  after  a  travel 
of  one-half  to  one  meter. 

Cost  of  the  Fujinon  system  is  $19,500.  This  includes  a  closed- 
circuit  television  camera  and  monitor  along  with  a  photographic  camera 
which  can  be  switched  to  view  the  object  under  study. 

Large  as  well  as  small  object  deformation  can  be  observed  with  the 
Moire  system.  Gross  motion  of  the  test  object,  however,  is  restricted 
and  its  practical  utility  in  the  LB/TS  is  questioned. 

4.9  OPTRON  DISPLACEMENT  FOLLOWER. 

Target  response  can  be  measured  with  a  non-intrusive  optical 
device  such  as  an  optron  follower.  Real-time  motion  and  vibration  are 
also  displayed  in  linear  or  angular  directions. 

Optron  displacement  followers  track  the  motion  of  a  discontinuity  in 
the  image  formed  by  light  reflected  from  or  emitted  by  a  moving  object. 
The  spectral  response  extends  from  ultraviolet  to  near  infrared.  The 
discontinuity  may  be  an  actual  edge  of  the  object  or  a  half-dark/half¬ 
light  target  attached  to  or  painted  on  the  object. 

The  image  of  the  edge  or  target  is  focused  on  the  photocathode  of 
an  image  dissector  tube  in  the  optica'  '-ead.  Electrons  are  emitted  from 
each  point  of  the  photocathode  in  proportion  to  the  intensity  of  the 
light  image.  The  resulting  electron  image  is  refocused  on  a  plate 
containing  a  small  aperture.  Electrons  passing  through  the  aperture 
constitute  a  signal  current  proportional  to  the  intensity  at  the 
corresponding  point  on  the  original  optical  image.  This  small  current  is 


Figur*  28.  Moira'  fringoa  on  a  car  fandar. 


amplified  first  in  a  low-noise  electron  multiplier  within  the  image 
dissector  tube,  and  further  by  solid-state  amplifiers  in  the  control  unit. 

Working  distances  from  the  measurement  device  to  the  target  can 
vary  up  to  3  m  for  a  measurement  range  of  1  to  10  centimeters.  Work¬ 
ing  distances  are  restricted  to  about  one  meter  for  measurement  ranges 
less  than  one  centimeter. 

A  brochure  describing  the  optron  system  is  included  in 
Appendix  A.  Cost  of  the  system,  including  mounts,  calibrators,  light 
sources,  fiber  optic  target  illuminator,  two-channel  digital  storage 
oscilloscope,  and  other  equipment  is  approximately  S30,000. 

4.10  SUMMARY  OF  OPTiCAL/NONINTRuSIVE  SENSORS  AND 
BUDGET  COSTS. 

The  optical  sensors  surveyed  in  this  section  range  in  cost  from  a 
few  thousand  dollars  per  unit  to  S750,000  each.  Hence  some  judgment 
is  required  to  define  a  complement  of  optical  sensors  which  meets 
critical  measurement  requirements  at  an  acceptable  cost. 


Of  all  the  systems  evaluated,  the  x-ray  systems  (pulsed  or 
fluoroscopic)  are  both  the  most  expensive  and  provide  significant 
operational  problems  for  the  LB/TS  relative  to  the  potential  gain  in 
defining  target  deformation/motion.  The  high-speed  video  and  photog¬ 
raphy  systems  discussed  should  provide  adequate  measurement  of  whole 
body  motion.  As  such,  these  x-ray  systems,  though  capable  of  provid¬ 
ing  meaningful  measurements  within  the  target  or  in  dust-obscured 
flows,  can  be  deleted  from  the  initial  LB/TS  system  and  only  be 
employed  when  a  specific  test  requirement  is  identified  which  can  sup¬ 
port  the  x-ray  acquisition  cost. 

In  the  IR  sensor  area,  both  optical  pyrometers  and  thermo,  -.ion 
systems  are  important  for  the  LB/TS.  Both  types  are,  or  will  soon  be, 
available  as  two-color  devices  with  lower  temperature  limits  sufficient 
for  target  surface  measurements.  The  two-color  feature  is  essential  for 
reliable  measurement  of  the  TRS  source  or  target  surface  temperature 
with  changing  emissivity. 

The  following  table  summarizes  the  nonintrusive  sensors  used  for 
system  planning  and  provides  budgetary  costs  for  each.  Note  that  a 
number  of  candidate  systems  discussed  in  the  previous  sections  of  this 
report  are  not  included  in  this  list  due  their  questionable  benefit  in  the 
LB/TS  environment. 


Nonintrusive  System 

Number 

Cost  Estimate 

Thermovision  (Section  4.2.1) 

1 

S105,000 

Optica!  Pyrometers,  Target 

Surface,  Two-Color 
(Section  4.2.2) 

10 

50,000 

Optical  Pyrometers,  TRS  Monitor, 
Two-Color  (Section  4.2.2) 

5 

27,500 

CVF  Radiometer  (Section  4.2.3) 

1 

99,600 

Laser  Doppler  Velocimeter, 

Two-axis  (Section  4.4) 

1 

112,500 

High-Speed  Photography  System 
(Section  4.5) 

16 

182,000 

High-Speed  Video  System 
(Section  4.5) 

3 

160,000 

Automatic  Video  Reading  System  1  20,000 

(Section  4.6) 

Optron  Displacement  Follower  1  30,000 

Total  cost  for  this  representative  complement  of  nonintrusive 
sensors  is  approximately  $787,000. 


SECTION  5 

SURVEY  OF  DATA  ACQUISITION  SYSTEMS 


The  traditional  method  of  measuring  rapidly  changing  transient 
phenomena  is  with  analog  recorders.  However,  with  the  advent  of 
solid-state  technology  and  high-resolution  analog-to-digital  converters 
capable  of  performing  millions  of  conversions  each  second,  most  test 
facilities  are  turning  to  digital  data  systems  as  the  primary  method  of 
acquiring  transient  data  with  analog  recording  relegated  to  a  secondary 
or  backup  role.  While  digital  recording  provides  an  improvement  in 
measurement  accuracy  as  well  as  improvements  in  data  analysis,  it  is 
not  a  panacea.  Depending  upon  number  of  channels,  bandwidth,  and 
test  duration,  there  may  be  significant  disadvantages  with  a  digital 
system.  These  are  considered  in  more  detail  in  the  subsections  below. 

A  complete  digital  system,  an  analog  recording  system,  and  a 
hybrid  combination  of  digital  and  analog  equipment  are  considered  here 
as  candidate  data  acquisition  systems  for  the  specialized  LB/TS 
application.  The  critical  technical  requirements  for  the  data  acquisition 
system  are  extracted  from  Table  4  and  include  the  following: 

No,  of  Channels:  113  minimum 

Bandwidth:  1  KHz  to  250  KHz 

Test  Duration:  10  seconds  maximum 

While  accuracy  has  not  been  addressed,  the  assumption  here  is  that 
measurement  amplitude  accuracy  --  excluding  sensor  and  probe  --  of 
tO.25  percent  is  required.  Additionally,  linear  phase  and  a  channel- 
to-channel  phase  match  of  t2°  are  required. 

5.1  DIGITAL  DATA  ACQUISITION  SYSTEM. 

Typical  elements  of  a  digital  data  system  include  signal  condi¬ 
tioners,  amplifiers,  anti-alias  filters,  sample-and- hold  circuits,  and  an 
analog-to-digital  converter  (ADC).  Of  these,  the  technical  performance 
characteristics  of  the  filter  and  ADC  are  critical.  Failure  to  properly 
select  these  components  for  a  transient  system  will  introduce  a  dynamic 
distortion  error  which  is  indistinguishable  from  data. 


Individual  channel  sampling  rates  are  presented  in  Table  5.T.  The 
minimum  sampling  rates  shown  are  theoretical  values  based  on  the 
Nyquist  Sampling  Theorem  which  assumes  that  the  signal  is  ideally 
bandlimited  and  that  the  sampling  occurs  in  zero  time.  For  this  ideal 
case,  sampling  at  twice  the  highest  frequency  is  adequate  to  ensure 
that  no  aliasing  occurs.  The  maximum  sampling  rates  are  established 
empirically  based  on  the  assumption  that  the  signal  must  be  sampled  at 
twelve  times  the  filter  cutoff  frequency  to  adequately  reconstruct  a 
complex  waveform. 


TabI*  12.  Individual  channal  sampling  rates  required. 

Min.  Ch.  Max.  Ch. 

BW  Required  No.  Ch.  Sampl.  Rate  Sampl.  Rate 


1,000  Hz 

40 

2,000  S/Sec 

12,000  S/Sec 

20,000 

Hz 

25 

40,000  S/Sec 

240,000  S/Sec 

50,000 

Hz 

40 

100,000  S/Sec 

1,200,000  S/Sec 

250,000 

Hz 

8 

500,000  S/Sec 

6,000,000  S/Sec 

Establishing  sampling  rates  is  further  complicated  since  the  anti¬ 
aliasing  filters  are  not  perfect  low-pass  filters.  That  is,  depending 
upon  the  incoming  spectra,  energy  may  be  present  at  frequencies 
greater  than  the  filter  cutoff  frequency.  Accordingly,  it  is  desirable  to 
use  anti-alias  filters  which  exhibit  fast  rolloff  characteristics.  Because 
of  the  complexities  associated  with  determining  sampling  rates,  it  is 
reasonable  to  use  anti-alias  filters  with  36  db/octave  rolloff  in  con¬ 
junction  with  sampling  rates  of  five  times  the  filter  cutoff  frequency. 
The  combination  provides  assurance  that  all  aliases,  regardless  of 
incoming  spectra,  will  be  attenuated  by  at  least  83.5  db.  This  is  less 
than  the  resolution  of  a  13-bit  ADC. 

Table  13  summarizes  the  sampling  and  data  volume  requirements  for 
each  of  the  four  required  bandwidths.  Here,  the  ADC  sampling  rates 
are  chosen  to  be  five  times  the  banawidth  and  the  data  volumes  are 
computed  based  on  a  10-second  test.  The  significant  points  to  note 
from  the  data  presented  in  Table  13  are  the  aggregate  sampling  rates 
and  data  volumes. 


Tabl«  13.  Sampling  and  data  volume  raquiremants. 


BW  Required 

No.  Ch. 

Sampling  Rate 
Ch.  Aggregate 

Data  Volume 
Ch.  Aggregate 

1,000  Hz 

40 

5K 

200  K 

50  K 

2M 

20,000  Hz 

25 

100K 

2.5M 

1M 

25M 

50,000  Hz 

40 

250  K 

10M 

2.5M 

lOOM 

250,000  Hz 

8 

1 . 25M 

10M 

12. 5M 

100M 

Notes: 

1.  Sampling  rates  expressed  in  samples/seconds 

2.  Data  volume  expressed  in  words  and  is  based  on  10-second  test 

Considering  that  1  MHz  ADCs  are  state-of-the-art  in  1984,  the 
aggregate  sampling  rates  suggest  that  23  ADCs  will  be  required  to 
implement  a  completely  digital  system.  These  would  produce  23  separate 
1-million  words/second  (2  MBytes/sec)  data  streams  for  processing  and 
storage.  Considering  that  the  I/O  bandwidth  for  modern  16-bit  mini¬ 
computers  is  approximately  4  MBytes/second ,  this  suggests  that  multiple 
processors  would  be  required  The  block  diagram  for  such  a  digital 
system  is  shown  in  Figure  29. 

Assuming  that  a  two-tier  processing  arrangement  is  used  to 
implement  a  digital  system,  where  the  lower  tier  is  dedicated  to 
processing  and  local  storage  of  the  incoming  data  streams  and  the  top 
tier  represents  a  supervisory  processor  responsible  for  coordinating  all 
data  storage  after  test  completion,  then  the  data  volumes  presented  in 
Table  13  indicate  the  storage  capacity  required  at  both  levels.  For  a 
single  10-second  test,  the  aggregate  data  volume  is  computed  to  be  227 
MWords  (454  MBytes).  While  this  storage  volume  is  realizable,  it  does 
indicate  the  extensive  storage  requirements  at  the  lower  tier  (e.g.,  25 
MBytes  required  to  provide  storage  for  a  single  250-KHz  channel). 
Assuming  that  this  data  can  be  transferred  from  the  lower  tier  storage 
media  to  the  supervisor  at  the  completion  of  a  test  at  a  500-K 
bits/second  rate,  approximately  seven  minutes  would  be  required  for 
transmission  of  each  of  the  23  storage  volumes. 


29.  Digital  data  acquisition  system. 
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5.2  ANALOG  TAPE  SYSTEM. 

A  conventional  analog  data  system  consists  of  two  subsystems  -- 
record  and  playback.  The  record  subsystem  provides  the  functions  of 
signal  conditioning  and  recording  of  raw  data  onto  analog  tape.  The 
playback  subsystem  enables  reproduction  of  selected  portions  of  test 
data  and  provides  off-line  digitizing  and  data  analysis.  An  analog  tape 
system  equipped  with  FM  recording  capabilities  is  well  suited  for 
applications  involving  a  large  quantity  of  high-speed  data.  However, 
amplitude  accuracy  in  an  analog  system  is  poor  relative  to  a  digital 
system,  data  analysis  is  time  consuming,  and  real-time  data  are 
unavailable  for  controls  and  display.  Figure  30  illustrates  in  block 
diagram  form  an  analog  tape  system  configured  to  meet  the  requirements 
of  Table  4. 


5.2.1  Record  Subsystem. 

The  record  portion  of  the  analog  tape  system  provides  signal 
conditioning  on  a  per-channel  basis,  an  FM  multiplexing  scheme  to 
concentrate  the  raw  test  data  onto  one  28-track  FM  tape  recorder, 
direct  and  FM  record  amplifiers,  and  a  computer-controlled,  28-track  FM 
tape  recorder  to  store  the  analog  data. 

To  accommodate  the  large  quantity  of  data  channels,  data  are 
multiplexed  onto  the  first  17  tracks  of  the  tape  recorder  using  a  mixed 
data  FM  technique.  Each  multiplexer  takes  4  to  10  channels  of  data 
(depending  on  signal  bandwidth)  and  modulates  each  channel  to  a 
separate  frequency  band.  The  resulting  12  composite  data  signals  are 
then  recorded  on  tape  using  direct  record  amplifiers.  The  high  band¬ 
width  signals  are  routed  to  8  dedicated  tracks  through  FM  record 
amplifiers . 

5.2.2  Playback  Subsystem. 

The  playback  portion  of  the  analog  tape  system  provides  selection 
and  reproduction  of  data  from  the  tape  recorder  as  well  as  off-line 
digitization  and  data  analysis.  The  major  elements  are  reproduce 
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amplifiers,  a  computer  controlled  playback  selector,  demultiplexer  and 
discriminator,  and  an  ADC  system  similar  to  the  digital  data  system 
described  in  Section  5.1  (i.e.,  anti-alias  filters,  sample  and  hold 

circuits,  and  an  analog-to-digital  converter).  The  playback  subsystem 
also  includes  a  computer  system  to  perform  data  analysis  and  provide 
set-up  and  control  of  the  signal  conditioners,  analog  tape  recorder,  and 
playback  selector. 

The  reproduce  scheme  takes  the  18  tracks  of  FM  multiplexed  data 
from  the  tape  through  direct  reproduce  amplifier.  These  signals  are 
then  demultiplexed  from  18  tracks  into  108  channels  (on  a  2  tracks  at  a 
time  basis)  and  discriminated  from  FM  back  to  analog.  These  signals 
are  then  routed  to  the  ADC  for  digitizing.  The  eight  tracks  which 
were  not  multiplexed  are  simply  played  back  through  FM  reproduce 
amplifiers  into  the  ADC  system. 

The  ADC  system  for  the  analog  tape  system  includes  basically  the 
same  elements  as  the  digital  data  system  described  in  Section  5.1  and 
hence  is  subject  to  the  same  critical  performance  characteristics. 
Sampling  rates  and  anti-alias  filter  distortion  are  still  important 
considerations.  However,  the  impact  on  system  design  is  decreased  by 
the  off-line  nature  and  the  ability  to  use  the  tape  recorder  speed  to 
reduce  individual  channel  bandwidth. 

The  host  computer  consists  of  a  high-speed  data  processor, 
memory,  disk  storage,  magnetic  tape  storage,  line  printer,  graphics  and 
system  terminals,  and  an  I/O  controller.  All  data  analysis,  display, 
and  control  software  resides  in  this  machine. 

5.3  HYBRID  DATA  SYSTEM. 

Several  problems  exist  with  either  the  fully  digital  data  system  or 
the  analog  tape  systems  discussed  above.  The  major  problem  with  the 
digital  system  is  the  high  digital  data  rates  and  the  corresponding  large 
volume  of  data.  Although  the  analog  recording  system  overcomes  these 
problems,  this  system  provides  no  capability  for  real-time  data  analysis. 
An  attractive  alternative  is  a  hybrid  combination  of  the  two  system 
types.  Figure  31  presents  a  configuration  which  will  accommodate  the 
data  volume  as  well  as  provide  a  limited  amount  of  digitized  data  for 
near  real-time  display  and  analysis. 
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For  the  configuration  shown,  the  digital  channels  are  limited  to  the 
40  low-frequency  (1000  Hz  BW)  channels.  With  this  arrangement,  the 
1  MHz  ADC  provides  adequate  sampling  rates  for  both  real-time  data 
acquisition  and  off-line  digital  analysis  capabilities.  [The  65  moderate- 
bandwidth  channels  (20  and  50  KHz)  are  multiplexed  and  recorded  on 
10  tape  tracks.]  The  eight  high-bandwidth  channels  (250  KHz)  are 
each  individually  recorded  on  single  tracks  using  FM  techniques. 

5.4  SUMMARY. 

For  this  application,  a  totally  digital  system  is  inappropriate.  This 
is  a  direct  consequence  of- the  number  of  channels,  bandwidth  require¬ 
ments,  and  test  duration.  Although  a  digital  data  system  concept  can 
be  established  which  will  satisfy  the  requirements,  there  are  significant 
technical  risks  associated  with  the  high-speed  digitizing  of  multiple 
signals  as  well  as  transmitting  and  storing  multiple  high-speed  data 
streams.  The  analog  recurding  system  offers  some  advantages  in  that 
proven  high  bandwidth,  multiplexed  recording  systems  are  available. 
However,  to  provide  digital  off-line  analysis,  there  is  still  a  need  for 
high-speed  digitizing  of  selected  portions  of  tape.  This  digital 
requirement  is  significantly  less  complex  since  only  selected  segments  of 
the  total  test  duration  are  digitized  and  the  digitizing  rates  can  be 
reduced  through  reductions  in  tape  playback  speed. 

Since  a  need  exists  for  digital  equipment  within  an  analog  record¬ 
ing  system,  an  arrangement  such  as  the  hybrid  configuration  described 
in  Section  5.3  which  permits  the  digital  equipment  to  be  used  in  real¬ 
time  for  limited  data  acquisition  is  recommended.  This  hardware 
arrangement  is  comparable  in  price  to  the  analog  system  yet  offers  the 
advantage  of  limited  real-time  digital  data  analysis. 


Figure  30.  Analog  tape  system. 


data  system. 


SECTION  6 

FACILITY  CONTROL  AND  STATUS  MONITORING  SYSTEM 


6.1  CONTROL  SYSTEM  REQUIREMENTS. 

The  Facility  Control  and  Status  Monitoring  System  (FCSMS)  for  the 
LB/TS  serves  basically  a  sequence  control  and  subsystem  monitoring 
function  with  built  in  logic  to  evaluate  and  confirm  status  of  the  system 
prior  to  the  next  sequential  step  in  a  run  preparation  process.  Upper 
and  lower  tolerance  limits  in  engineering  units  would  be  placed  on  each 
measurement  channel,  with  the  limits  automatically  changed  at  selected 
points  in  the  pre-run  sequence.  Multiple  sensors,  logic  for  identifi¬ 
cation  and  exclusion  of  faulty  sensors,  and  hold  for  operator  inter¬ 
vention  or  abort  logic  would  be  built  into  the  system  software  to 
provide  a  safe,  reliable  system. 

Examples  of  sequential  control  and  monitoring  functions  of  the 
system  are  given  below: 

1 .  Monitor  and  control  pressurization  of  drivers  and  heating  of 
driver  gas  (nominal  24-hour  process)  by  opening  and  closing 
valves  in  the  compressor  system  and  switching  compressors  on 
and  off  and  turning  strip  heaters  on  and  off  to  achieve  the 
required  temperature  and  pressure  as  measured  by  various 
facility  pressure  and  temperature  sensors.  Independent 
protection  of  the  system  from  malfunction,  including  control 
system  failure,  would  be  a  mechanical  set  of  relief  valves  and 
multiple  thermostats  on  the  strip  heaters.  Out  of  tolerance 
events  would  result  in  annunciation  to  the  system  operator,  a 
hold  awaiting  operator  input,  and/or  system  shutdown,  depend¬ 
ing  on  programmed  logic 

2.  Initiate  TRS  firing  and  maintain  firing  until  pre-established 
criteria  are  met.  In  this  case,  the  following  specific  func¬ 
tions  would  take  place  in  orderly  sequence: 

•  Open  TRS  vents  in  the  top  of  the  driven  tube  (confirmed 
by  position  sensors  and  limit  switches) 

•  Light  five  TRS  pilots  (confirmed  by  sensors  in  each  pilot 
flame) 

•  Initiate  oxidizer  flow  (conrirmed  by  valve  position  read¬ 
ings  and  selected  pressure  readings) 

•  Initiate  aluminum  flow  (confirmed  by  valve  position 
readings) 

•  Initiate  air  curtain  flow  (confirmed  by  valve  position 
readings  and  selected  pressure  readings) 
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•  Measure  TRS  output  on  reference  sensors  (optical 
pyrometers  and  reference  calorimeters) 

•  Shut  down  TRS  system  when  pre-established  criteria  are 
met 

•  Close  TRS  vents 

•  Return  TRS  to  safe  status  with  critical  systems  purged 

Criteria  for  shutdown  could  be  either  a  preset  elapsed  time  or 
a  pre-established  integrated  heat  flux  (fluence)  level. 
Tolerance  level  on  either  fluence  or  number  of  TRS  units 
which  light  could  be  established  by  the  operator  prior  to  the 
run  dependent  on  the  criticality  of  the  heating  portion  of  the 
LB/TS  cycle.  These  would  lead  to  a  hold  for  operator  review 
or  abort  actions,  depending  on  the  time  at  which  the  fault 
condition  is  detected  in  the  sequence.  Logic  and  redundant 
sensors  would  be  provided  to  permit  real-time  screening  for 
inoperative  sensors  without  initiating  abort  actions.  At  any 
rate,  the  target  can  be  spared  excessive  heat  load  or  damage 
from  the  blast  wave  input  on  a  test  in  which  heat  input  is 
critical,  if  sufficient  TRS  units  do  not  function  properly. 

3.  Control  RWE  position  based  on  an  algorithm  defining  the  RWE 
position  relationship  to  wail  pressures  near  the  end  of  the 
drive  tube.  Redundant  systems  with  logic  for  detection  of 
faulty  sensors  would  be  included.  Detection  of  an  out  of 
tolerance  or  fault  condition  would  result  in  the  controller 
attempting  to  return  the  RWE  to  full  open  position. 

The  total  number  of  sensors  to  be  monitored  are  the  70  facility 
measurements  (Item  1.0,  Table  4),  three  of  the  wall  pressures 
(Item  2.0,  Table  4),  and  the  five  optical  pyrometers  and  10  radiant 
gages  (Item  3.0,  Table  4),  for  a  total  of  about  ninety  channels.  Real¬ 
time  conversion  to  engineering  units,  checking  against  preset  limits  for 
each  channel  in  engineering  units,  and  accumulation  of  fault  information 
are  required.  Other  real-time  computations  involve  integration  over 
time  of  sensor  readings  of  the  10  radiant  gages  to  calculate  fluence  and 
computation  of  the  RWE  position  based  on  the  three  wall  pressure 
readings . 


6.2  CONTROL  SYSTEM  DESCRIPTION. 

Figure  32  provides  a  block  diagram  of  the  conceptual  design  of  a 
digital  FCSMS.  The  system  includes  signal  conditioning  on  a  per- 
channel  basis  to  convert  sensor  input  signals  to  tIOV  levels,  a 
dedicated  input/output  controller  providing  analog-to-digital  conversion 


of  all  input  signals  and  appropriate  output  drivers  for  solenoids, 
actuators,  and  control  valves  as  needed  to  effect  facility  control,  and  a 
control  processor  system  to  handle  all  sequence  and  control  logic  as  well 
as  generate  alarms  and  event  printouts,  a  event  logger  to  provide 
listings  of  status,  control,  and  alarm  conditions,  a  color  CRT  to  provide 
operator  indications  of  alarms  and  facility  status,  and  a  link  to  the  data 
system  to  allow  coordination  of  the  total  facility  operation. 

6.2.1  Signal  Conditioning. 

Modular  signal  conditioning  is  provided  on  a  per-channel  basis 
configured  as  needed  to  meet  the  requirement  of  the  sensor.  The 
signal  conditioning  system  is  configured  to  normalize  all  outputs  to  ilOV 
levels  for  further  processing.  Included  in  the  signal  conditioning 
system  are  amplifiers,  bridge  completion  units,  charge  amplifiers,  T/C 
amplifiers,  and  other  types  as  needed.  In  addition,  individual  buffer 
amplifiers  are  provided  for  any  signals  shared  with  the  data  system  to 
minimize  interference  problems. 

6.2.2  Input/Output  Controller. 

The  input/output  controller  provides  the  analog-to-digital  con¬ 
version  of  all  input  signals  from  the  signal  conditioning  section  and 
subsequent  interfacing  to  the  control  processor.  Also  included  are  all 
output  driver  required  for  solenoid,  actuators,  and  control  valve  con¬ 
trol  Hardware  is  available  from  various  vendors  including  Computer 
Products,  Analogic,  Analog  Devices,  Hewlett-Packard,  and  Burr-Brown. 

6.2.3  Control  Processor  System. 

The  control  processor  provides  all  sequence  and  logic  control 
processing,  generates  all  operator  displays,  alarms  and  event  printout 
interfaces  to  the  data  system,  and  provides  all  operator  interfacing. 
This  system  will  consist  of  a  high-speed  data  pressure  and  appropriate 
peripherals  to  accomplish  FCSMS  functions.  Included  is  a  link  to  the 
data  system  processor  to  coordinate  activities  between  the  two 
processors . 

A  color  CRT  is  planned  to  provide  operator  interfacing  including 
alarm  and  status  display. 
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6.3  ESTIMATED  HARDWARE  AND  SOFTWARE  COST. 


Order-of-tnagnitude  cost  estimates  for  hardware  for  the  FCSMS  are 
given  below. 


•  Signal  Conditioning  S150,000 

•  Input/Output  Controller  60,000 

•  Control  Processor  System  48,000 


Total  Hardware 


S258,000 


Special  application  software  to  accomplish  all  required  control  and 
status  monitoring  operations  and  systems  integration  is  estimated  to  cost 
$100,000. 


SECTION  7 

SYSTEM  CONCEPT  PLAN 


Figure  33  illustrates  a  simplified  block  diagram  of  an  integrated 
data  acquisition  and  control  system  reflecting  the  considerations 
discussed  in  Sections  5  and  6.  As  shown,  the  operator's  principal 
interface  to  the  system  is  at  the  control  processor.  With  this  arrange¬ 
ment,  the  control  processor  serves  to  provide  all  sequencing  including 
initiating  the  data  acquisition  cycle.  Upon  receipt  of  a  start  command 
from  the  control  processor,  the  data  system  processor  will  initiate  a 
continuous  digital  data  acquisition  cycle  as  well  as  start  continuous 
analog  recording.  Because  of  the  short  test  duration,  it  is  anticipated 
that  minimum  processor-to-processor  data  transfers  will  occur  during 
testing . 

It  is  intended  that  the  control  processor  be  restricted  to  facility 
control  and  sequencing.  As  such,  only  a  limited  number  of  peripherals 
are  required.  However,  with  the  arrangement  shown  in  Figure  33,  the 
control  processor  does  have  access  to  shared  peripherals  such  as  digital 
magnetic  tape,  line  printer,  etc. 

7.1  DATA  ACQUISITION  SYSTEM. 

After  evaluating  various  data  acquisition  approaches  (Section  5)  a 
specific  data  acquisition  system  concept  (Figure  34)  was  selected  for  the 
LB/TS.  This  hybrid  configuration  includes  a  digital  data  acquisition 
subsystem  for  the  low-bandwidth  measurements,  an  analog 
recording  system  for  the  high-bandwidth  measurements,  and  a  host 
computer  system  to  control  various  instrumentation  and  perform  data 
analysis . 

7.1.1  Digital  Data  Acquisition  Subsystem. 

The  digital  data  acquisition  subsystem  serves  a  dual  role.  Besides 
providing  real-time  data  acquisition  for  the  low-bandwidth  chan’  els,  the 
system  provides  off-line  digital  data  analysis  capability  for  the  signals 
recorded  by  the  analog  tape  system.  Hence,  the  system  must  have  the 
flexibility  to  accommodate  a  variety  of  different  signal  levels  and 
bandwidths.  This  capability  is  provided  by  variable-gain  amplifiers  and 
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Figure  33.  Integrated  data  acquisition  and  control  system. 


Figure  34.  Proposed  date  acquisition  system. 


anti-alias  filters,  sample  and  hold  circuits,  analog  multiplexer,  and  an 
analog-to-digital  converter.  An  analog  switching  scheme  is  used  to 
select  between  real-time  acquisition  mode  and  playback. 

7. 1.1.1  Signal  Conditioning. 

To  accommodate  different  sensors,  a  40-channel  signal  conditioning 
system  will  be  provided  that  includes  various  mode  cards  which  are 
used  to  tailor  the  conditioner  for  temperature,  pressure,  or  other 
analog  signals.  These  units  will  include  an  excitation  power  supply  for 
each  channel,  interchangeable  plug-in  bridge  completion  circuits,  offset 
suppression,  and  resistance  and  voltage  calibration.  For  voltage 
calibration,  a  computer-controlled  signal  conditioner  input  switching 
circuit  is  used  to  disconnect  the  sensor  input  and  to  insert  a  precise  dc 
voltage  source.  This  voltage  insertion  technique  provides  for  complete 
multi-point  static  calibration  (excluding  sensor)  traceable  to  NBS  as  well 
as  provides  a  convenient  computer-controlled  method  for  determining 
that  each  channel  is  operable  immediately  prior  to  testing. 

7. 1.1. 2  Analog  Switching. 

The  configuration  shown  in  Figure  34  shares  the  digital  system 
between  the  40  real-time  measurements  and  the  off-line  digitizing.  To 
accommodate  this,  the  signal  outputs  of  the  40  signal  conditioners  and 
the  29  playback  channels  are  terminated  at  the  Mode  Switch  patch 
panel.  Additionally,  the  inputs  to  the  40  amplifiers  are  also  terminated 
here.  Inputs  to  the  digital  system  (amplifier  inputs)  are  thus  esta¬ 
blished  for  each  channel  through  a  3-wire  patch  (signal  high,  signal 
low,  shield) . 

7. 1.1. 3  Amplifier  and  Anti-Alias  Filter. 

Variable-gain  amplifiers  with  integral  6-pole  low-pass  filters  will  be 
supplied.  Seven  amplifier  fixed-gain  selections  and  seven  filter  cutoff 
frequencies  will  be  front  panel  switch  selectable.  Digital  code  represen¬ 
tations  of  both  the  amplifier  gain  and  the  filter  cutoff  switches  are 
input  to  the  computer  system  for  verification. 


7. 1.1. 4  Sample  and  Hold  Circuits. 

An  individual  sample  and  hold  amplifier  will  be  provided  for  each 
channel.  This  will  enable  precise  time  correlation  to  be  established 
during  playback  for  multiple  analog  input  signals.  A  common  clock  will 
be  used  to  coordinate  capturing  data  from  all  channels  at  a  given  time 
and  hold  the  signals  until  the  digitization  process  is  complete. 

7. 1.1. 5  Multiplexer  and  Analog-to-Digital  Converter. 

A  40-channel  analog  multiplexer/ADC  system  is  required.  As 
shown  in  Table  13,  the  minimum  aggregate  sampling  rate  for  the  40 
low-bandwidth  (1  KHz)  channels  is  200K  samples/second .  However, 
since  the  ADC  is  also  used  in  an  offline  mode  to  digitize  the  high- 
bandwidth  channels,  a  higher  sampling  rate  than  the  minimum  required 
for  the  real-time  measurements  (200K  samples/second)  is  recommended. 
Since  sampling  rates  for  the  playback  channels  can  be  reduced  by 
reproducing  the  signals  at  a  tape  speed  less  than  the  record  speed,  the 
aggregate  sampling  rates  presented  in  Table  13  are  inappropriate. 
Assuming  that  a  tape  speed  of  60  or  120  ips  will  be  used  for  recording 
the  high-bandwidth  signals,  then  a  reduced  playback  speed  effectively 
reduces  the  bandwidth  and  thus  the  required  sampling  rate.  Accord¬ 
ingly,  a  1-MHz  ADC  is  recommended  for  this  application. 

The  ADC  requires  a  high-speed  versatile  interface  capable  of 
transmitting  a  2  MByte/second  data  stream  to  processor  memory.  To 
accommodate  the  dual  real-time  data  acquisition  and  offline  digitizing 
functions,  the  ADC  scan  list  and  sampling  rate  must  be  programmable. 
Additionally,  since  not  all  tape  channels  can  be  reduced  simultaneously, 
the  system  must  have  the  capability  of  using  a  signal  from  tape  such 
that  the  digitizing  process  always  beings  at  the  same  time.  This  is 
essential  for  correlation. 

7.1.2  Analog  Re'-ord  System. 

To  accommodate  the  high-bandwidth  measurements,  an  analog 
record  system  is  recommended.  This  system  features  signal  condition¬ 
ing,  an  FM  multiplexing  scheme,  direct  and  FM  record  amplifiers,  and 


two  14-track  FM  tape  recorders.  Also  provided  are  playback  capabil¬ 
ities  including  FM  and  direct  reproduce  amplifiers,  a  computer- 
controlled  playback  selector,  and  two  demultiplexer/discriminators.  As 
the  signals  are  reproduced,  they  are  routed  through  the  digital  data 
system  described  in  Section  7.1.1  for  data  analysis. 

7. 1.2.1  Signal  Conditioning. 

A  73-channel  signal  conditioning  system  will  be  provided  with  the 
same  features  discussed  in  Section  7. 1.1.1.  In  addition,  these  signal 
conditioners  will  include  integral  amplifiers  and  six-pole  low-pass  filters 
to  adequately  prepare  the  input  signal  for  analog  recording.  The 
amplifiers  will  have  fixed  gain  and  the  filters  will  have  a  fixed  cutoff 
frequency  based  on  the  type  of  transducer  required. 

7. 1.2. 2  FM  Multiplexer/Demultiplexer. 

FM  multiplexers  are  used  to  concentrate  the  raw  test  data  onto  one 
tape  recorder.  Each  multiplexer  takes  4  to  10  channels  of  analog  data 
(depending  on  signal  bandwidth)  and  modulates  each  channel  to  a 
separate  frequency  band.  These  signals  are  then  combined  into  one  FM 
signal . 

The  demultiplexers  take  the  FM  signals  and  filters  out  each  of  the 
frequency  bands,  separates  them,  and  returns  the  signals  to  their 
analog  data  form. 

7. 1.2. 3  Tape  Recorder  System. 

The  tape  recorder  system  consists  of  FM  and  direct  record 
amplifiers,  two  14-track  FM  tape  recorders,  and  the  reproduce  ampli¬ 
fiers.  The  record  amplifiers  are  required  to  convert  the  analog  signal 
to  a  power  level  compatible  with  the  tape  recorder  and  to  condition  the 
signal  to  produce  a  more  accurate  recording/reproducing  process. 
Direct  record  amplifiers  place  an  AC  bias  on  the  analog  signal  to  make 
the  recording  characteristic  more  linear.  FM  record  amplifiers  improve 
accuracy  by  frequency  modulating  the  data  signal.  FM  recording 
provides  approximately  twice  as  good  linearity  as  direct  recording. 


However,  in  this  system  since  FM  techniques  were  used  for  the 
multiplexing  scheme,  direct  record  amplifiers  should  be  used  for  the 
multiplexed  channels. 

Two  14-tracl<  laboratory-quality  wide  band  (Group  II)  FM  tape 
recorders  are  provided  to  store  high-bandwidth  data  during  a  test. 
Features  include  computer  control.  9  bidirectional  tape  speeds,  and  a 
5-digit  footage  counter. 

The  reproduce  amplifiers  return  the  tape  recorded  signals  to  the 
same  form  they  were  in  prior  to  the  record  amplifiers.  That  is,  direct 
reproduce  amplifiers  remove  the  AC  bias  while  FM  reproduce  amplifiers 
demodulate  the  signal.  Both  the  record  and  reproduce  amplifiers  are 
supplied  as  integral  parts  of  the  FM  tape  recorder. 

7.1.3  Data  System  Processor. 

A  computer  system  is  provided  to  set-up  and  initiate  digital  data 
acquisition  and  analog  recording.  As  a  secondary  function,  the 
processor  also  will  perform  post-test  data  analysis.  Prior  to  a  test  or 
analog  tape  playback,  the  data  system  processor  will  be  responsible  for 
verifying  amplifier  and  filter  settings,  and  establishing  sampling  rates. 
During  a  10-second  test,  the  processor  will  provide  limited  re  -time 
data  analysis  and  display,  with  minimal  communication  with  the  control 
processor.  At  the  conclusion  of  a  test,  the  data  system  processor  is 
available  for  data  analysis  and  data  reduction. 

The  data  system  processor  will  be  a  16-bit  minicomputer  equipped 
with  2  MBytes  of  memory  for  real-time  storage  of  digitized  data.  The 
processor  will  be  configured  with  various  peripherals.  A  132-MByte 
fixed  disc  drive  and  controller  will  be  used  primarily  for  storing  the 
operating  system  and  applications  software.  A  9-track  magnetic  tape 
unit  will  provide  fixed  disc  back-up  and  archival  storage  of  real-time 
digitized  data  and  post-test  results.  An  intelligent  serial  communi¬ 
cations  controller  is  included  to  allow  up  to  8  peripherals  to 
communicate  with  the  processor.  Two  console  terminals  are  attached  to 
the  processor  through  serial  ports--an  80-column  system  display 
terminal  and  a  graphics  terminal.  A  200-CPS  dot  matrix  printer  also 


attaches  to  the  serial  port  for  status  logging  or  other  similar  low  data 
volume  functions.  Parallel  ports  to  the  microprocessor-based  video 
image  processor  and  laser  velocimeter  are  included  to  accommodate 
special  post-test  data  processing,  and  a  parallel  port  to  a  high-speed 
printer  (600  lines  per  second)  is  provided  to  accommodate  data  printout 
after  test  completion. 

7.1.4  Application  Software. 

Numerous  application  software  programs  are  required  to  implement 
the  various  system  functions  discussed  above.  Because  of  the  system's 
complexity,  application  software  should  be  designed  using  structured 
programming  techniques.  This  will  result  in  a  system  which  is  modular, 
maintainable,  and  can  be  both  modified  and  expanded.  All  custom 
application  software  will  be  written  in  FORTRAN  77  unless  timing 
constraints  for  critical  modules  require  otherwise.  Documentation  will 
include  a  user's  manual,  high-level  flow  charts,  program  abstracts,  and 
annotated  source  listings. 

The  application  software  has  been  arranged  into  several  major 
categories.  Although  the  details  cannot  be  established  until  the  design 
is  completed,  the  various  programs  required  are  functionally  detailed 
below. 

7. 1.4.1  System  Calibration. 

The  purpose  of  this  program  is  to  periodically  evaluate  the  total 
performance  of  the  data  acquisition  system  by  applying  precise  inputs 
to  the  system  automatically  from  the  voltage  source  and  measuring  its 
performance.  The  analog  system,  excluding  sensor  power  supplies,  will 
be  tested  as  one  complete  unit  on  a  per-channel  basis  to  determine  each 
analog  channel's  measurement  uncertainty.  The  components  tested 
include  signal  conditioners,  amplifiers,  filters,  multiplexer,  and 
analog-to-digital  converter.  Analog  signals  from  a  precision  voltage 
source  are  to  be  input  to  each  channel  and  the  digital  response 
recorded  on  each  amplifier  gain  setting. 

Automatic  calibrations  can  be  accomplished  at  convenient  intervals 
before  test  runs  and  reduced  functional  checks  immediately  prior  to 


testing  as  a  final  system  check.  Critical  measurement  channels  with 
calibration  results  different  from  previous  checked  and  verified 
calibrations  would  be  flagged  to  the  facility  operations  staff  for 
run/abort  decisions. 

Depending  on  the  volume  of  calibration  and  number  of  sensors,  an 
automatic  calibration  data  transfer  option  from  a  remote  calibration  lab 
is  possible.  In  this  mode,  lab  data  would  be  stored  in  the  host  system 
by  sensor  serial  number  for  automatic  retrieval  whenever  that  sensor  is 
used  in  the  facility.  In  either  case,  the  data  acquisition  setup  below 
would  be  based  on  a  stored  sensor  data  file. 

7. 1.4. 2  Data  Acquisition  Setup. 

This  program  enables  the  operator  to  input  the  system  measure¬ 
ment  requirements  for  a  specific  test.  These  include  channel  assign¬ 
ments,  bandwidth,  expected  peak  measurement  values,  sensitivity,  and 
sensor  excitation.  Based  on  this,  the  system  automatically  establishes  a 
configuration  report  including  computed  amplifier  gain  settings  and 
sampling  rate.  This  system  test  information  is  printed  enabling  the 
operator  to  set  amplifier  gain,  filter  position,  and  sensor  excitation. 

7. 1.4. 3  Real-Time  Run. 

This  program  enables  the  operator  to  initiate  real-time  data 
acquisition.  Once  the  system  has  been  set  up  and  all  pretest  checks 
completed,  the  operator  initiates  the  real-time  program  from  the  control 
processor's  terminal.  Upon  receipt  of  a  start  signal,  the  data  system 
processor  initiates  data  acquisition  placing  data  onto  disk.  Upon  either 
a  timeout  or  a  terminate  data  acquisition  signal  from  the  control 
processor,  the  data  system  processor  halts  data  collection. 

7. 1.4. 4  Data  Monitor. 

This  program  enables  the  operator  to  analyze  test  results  after  a 
run.  Once  selected,  the  operator  is  presented  with  a  menu  of  available 
options  which  include  graphic  displays,  graphic  plots,  and  tabulated 
data.  If  the  graphic  display  option  is  chosen,  the  data  are  transformed 
into  engineering  units  and  displayed  on  the  graphics  terminal.  The 


graphics  programs  enable  the  operator  to  view  data  from  selected 
channels  or  a  pre-established  list  of  channels.  Provisions  are  made  to 
view  either  the  entire  run  data  or  to  zoom  in  on  a  segment.  Although 
axis  scales  are  normally  automatically  established,  they  can  be  manually 
chosen  from  the  terminal  or  preprogrammed  for  consistency.  Once  the 
operator  is  satisfied  with  the  presentation,  he  can  command  a  hard  copy 
plot  of  the  viewed  data.  Additionally,  data  can  be  tabulated  either  on 
a  single-  or  multiple-channel  basis.  Because  of  the  vast  amount  of 
data,  provisions  will  be  made  to  control  printout  start/ stop  times  as  well 
as  increment  time. 

7.2  FACILITY  CONTROL  AND  STATUS  MONITORING 
SYSTEM  (FCSMS). 

As  shown  in  Figure  33,  the  FCSMS  is  a  computer-based  data 
acquisition  and  control  system  which  provides  the  LB/TS  with  a 
sequence  control,  real-time  event  control,  and  subsystem  monitoring 
function.  It  is  able  to  evaluate  and  confirm  the  status  of  the  system 
prior  to  the  next  sequential  step  in  a  run  preparation  process.  Upper 
and  lower  parameters  limits  would  be  placed  on  each  measurement  chan¬ 
nel  with  acceptable  limits  changed  automatically  at  selected  points  in  the 
pre-run  sequence.  Multiple  sensors,  logic  for  identification  and  exclu¬ 
sion  of  faulty  sensors,  and  hold  for  operator  intervention  or  abort  logic 
would  be  built  into  the  software  to  provide  a  safe,  reliable  system. 
Included  is  a  link  to  the  data  system  processor  to  coordinate  activities 
between  the  two. 

7.2.1  Signal  Conditioning. 

As  with  the  data  system,  the  FCSMS  signal  conditioning  is 
provided  to  convert  sensor  input  signals  from  pressure  transducers, 
thermocouples,  etc.,  to  levels  compatible  with  the  ADC.  For  compati¬ 
bility  purposes,  it  is  recommended  that  the  signal  conditioners  used 
with  the  control  system  be  identical  to  those  used  with  the  data  system. 
Primary  inputs  to  the  system  are  the  70  facility  measurements  tabulated 
in  Table  4  which  are  used  for  either  facility  control  or  status  moni¬ 
toring.  Additionally,  three  flow  environment  and  15  thermal  measure¬ 
ments  are  redundantly  measured. 


7.2.2  Input/Output  Controller. 


The  input/output  controller  provides  the  analog-to-digital  conver¬ 
sion  of  all  input  signals  from  the  signal  conditioning  section  and 
subsequent  interfacing  to  the  control  processor.  The  multiplexer  is 
selected  for  a  nominal  100-KHz  rate,  based  on  sampling  of  channels  for 
facility  control  purposes  of  1000  S/S. 

The  output  drivers  required  for  solenoids,  actuators,  relays,  and 
control  valves  as  needed  to  effect  facility  control  and  timing  coordi¬ 
nation  are  also  included  in  the  input/output  controller. 

Functions  to  be  controlled  include: 

•  Run  preparation  events  such  as  driver  pump-up,  status  check 
of  systems,  etc. 

•  Run  initiation  events  such  as  TRS  light-off,  high  intensity 
camera  light  switch-on,  camera  starts,  take  data  starts,  etc. 

•  Run  control  events  such  as  TRS  monitoring  and  shut-off 
based  on  measured  fluence,  diaphragm  rupture  or  valve 
opening,  camera  shutter  control  based  on  radiant  intensity, 
RWE  position  control,  etc. 

The  input/output  controller  consists  of  several  relay  output  cards, 
analog  output  cards,  digital  input  and  output  cards,  and  possibly  a 
pulse  train  output  channel  to  accomplish  the  real-time  control  outlined 
above . 

7.2.3  FCSMS  Computer  System  (Control  Processor). 

The  FCSMS  uses  a  high-speed  minicomputer  with  1  MByte  of  dedi¬ 
cated  memory  to  accomplish  the  facility  control.  Because  of  the  shared 
peripheral  concept,  the  FCSMS  processor  is  equipped  with  minimum 
peripherals.  These  include  a  small  fixed  disk,  event  recorder,  and 
operator  terminal.  Processor  performance  data  are  identical  with  the 
data  system  processor  performance. 

7.2.4  System  Operating  Console. 

All  equipment  required  by  the  facility  operations  team,  including 
system  operating  terminals  for  both  the  data  acquisition  system  and  the 
FCSMS,  color  display  terminals,  graphics  terminals,  basic  annunciators. 


and  visual  system  outputs,  and  video  monitors  will  be  included  in  the 
system  operating  console.  A  photograph  of  a  system  similar  to  that 
planned  for  the  LB/TS  is  given  in  Figure  35.  The  console  will  be 
arranged  to  permit  close  coordination  of  test  setup  activities  and  post 
test  data  analysis  activities  without  interference  between  separate 
functions.  A  five-camera  video  system--with  monitors,  remote  camera 
control,  and  video  recorders--is  included  for  operator  overview  of  the 
entire  test  complex. 

7.2.5  Application  Software. 

Special  application  software  programs  are  required  to  implement  the 
various  control  system  functions  discussed  above.  As  discussed  in 
7.1.4,  application  software  should  be  designed  using  structured  pro¬ 
gramming  techniques  to  produce  modular,  maintainable,  and  modi¬ 
fiable/expandable  software  with  full  documentation. 

Application  software  for  the  FCSMS  falls  into  four  major  categories. 
Although  the  details  cannot  be  established  until  the  design  is  comple¬ 
ted,  a  functional  description  of  the  various  programs  is  detailed  below. 

7.2.5. 1  System  Calibration. 

The  purpose  of  this  program  is  to  periodically  evaluate  the  total 
performance  of  the  facility  measurements  acquisition  system  by  applying 
precise  inputs  to  the  system  automatically  from  the  voltage  source  and 
measuring  its  performance.  The  analog  system,  excluding  sensor  power 
supplies,  is  tested  as  one  complete  unit  on  a  per-channel  basis  to 
determine  each  analog  channel’s  measurement  uncertainty.  The  compo¬ 
nents  tested  include  signal  conditioners,  amplifiers,  filters,  multiplexer, 
and  analog-to-digital  converter.  Analog  signals  from  a  precision  voltage 
source  are  to  be  input  to  each  channel  and  to  the  digital  response 
recorded . 

7. 2. 5. 2  FCSMS  Monitoring. 

This  program  is  used  to  monitor  and  control  pressurization  of  the 
drivers  and  heating  of  the  driver  gas  and  monitor  the  system  status  at 


Figur*  35.  R«prM0ntativ«  sy«t«m  oparating  consola. 


all  times.  Out-of-tolerance  events  would  result  in  annunciation  to  the 
system  operator,  generate  a  hold  awaiting  operator  input,  and/or 
system  shutdown  depending  on  the  severity. 

7. 2. 5. 3  LB/TS  Run. 

This  program  is  used  to  start  the  immediate  prerun  sequence  and 
control  events  during  the  run  itself.  Real-time  data  conversion,  check¬ 
ing  against  preset  limits,  accumulation  of  fault  information,  integration 
of  sensor  data,  computation  of  control  algorithms,  control  of  events 
based  on  elapsed  time  and  other  similar  functions  are  accomplished  by 
this  software  routine. 

7. 2. 5. 4  LB/TS  Post-Op. 

A  thorough  functional  check  of  the  LB/TS  system  would  be  accom¬ 
plished  with  this  software  routine  and  the  system  returned  to  a  safe, 
secure  status.  A  quick  summary  of  status  would  be  supplied  to  the 
system  operator  to  permit  plans  for  the  next  run  to  be  made  and  to 
direct  sensor  repair  efforts. 


7.3  SYSTEM  ACQUISITION  PLAN. 

The  primary  sensors,  data  acquisition,  and  control  systems 
selected  for  the  LB/TS  concept  study  are  based  on  either: 

•  existing  technology  which  is  commercially  available  in  mid- 
1984,  or 

•  modifications  to  current  technology  which  are  only  a  few 
months  from  commercial  release  and  for  which  firm  specifica¬ 
tions  and  initial  marketing  dates  are  available 

Technology  which  is  clearly  developmental  and  for  which  no  firm 
performance  levels  or  certain,  high  probability  of  success  can  be  ascer¬ 
tained  were  avoided  for  primary  systems.  Such  developmental  sensors 
or  system  approaches  were  only  included  in  the  conceptual  system 
where  they  provide  a  complement  to  another  more  proven  approach.  As 
an  example.  Inertial  Reference  Units  are  included  even  though  their 
utility  for  measurement  of  whole  body  motion  in  the  LB/TS  remains  to 
be  proven.  The  most  probable  means  for  measuring  whole  body  motion 
is  the  high-speed  camera  system  as  discussed  in  Section  4.  In  addi¬ 
tion,  several  systems  evaluated  were  discarded  from  the  final  conceptual 
systems  due  to  a  high  cost/benefit  ratio  for  the  LB/TS  environment  as 
discussed  in  Section  4. 

While  proven,  the  LB/TS  Sensor  Data  Acquisition  and  Control 
system  (SDAC)  is  not  available  from  a  single  manufacturer  and  must  be; 

•  procured  as  individual  hardware  components  from  a  number  of 
manufacturers  and  integrated  as  a  system  by  the  Government 
or  a  third  party.  Such  an  acquisition  plan  necessitates  a 
thorough,  detailed  system  design  (hardware  and  software)  to 
ensure  that  all  hardware  interface  constraints  and  operating 
software  limitations  are  addressed  in  sufficient  detail  to 
produce  a  functional  system  meeting  the  performance 
specifications.  In  this  mode,  the  third  party  can  only  assume 
responsibility  for  integration  of  equipment  as  designed,  not 
for  the  performance  of  the  equipment  in  the  system  or  for  the 
design  itself. 

•  procured  as  a  single  system  from  a  system  integrator  who 
accomplishes  the  detailed  system  design  and  selects  specific 
hardware  options  to  meet  requirements.  In  this  case,  the 
system  performance  specification  governs  and  the  system 
integrator  is  responsible  for  selected  hardware,  interfacing 
hardware,  and  developing  software  to  meet  the  performance 
requirements.  Resolution  of  problems  involving  hardware, 
hardware  interface,  software  or  other  system  interaction 
problems  are  the  responsibility  of  the  integrator. 
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For  complicated  systems,  such  as  the  LB/TS  SDAC  with  1)  special¬ 
ized  subsystems  and  hardware  components  from  many  manufacturers, 
2)  severe  data  transmission  timing  budgets,  3)  the  need  for  unique 
interface  hardware,  and  4)  extensive  special  application  and  system 
operating  software,  Sverdrup  recommends  the  second  approach  listed 
above. 

This  system  acquisition  process  (design/build  or  turnkey)  is 
illustrated  for  the  LB/TS  in  Figure  36.  Following  the  contract  award,  a 
period  of  about  15  months  will  be  required  to  complete  the  design  based 
on  a  well  defined  functional  specification  for  the  system,  procure  hard¬ 
ware  and  subsystems,  integrate  hardware  in  consoles,  racks,  etc., 
develop  all  software  routines,  functionally  check  all  hardware  and 
software,  and  install  the  system  on-site.  At  the  end  of  this  period,  a 
system  which  is  ready  and  proven  operational  in  all  specified  modes  will 
be  available. 

The  acquisition  cost  for  the  LB/TS  SDAC  is  detailed  in  Table  14. 
Cost  estimates  for  system  hardware,  software,  sensors,  special  calibra¬ 
tion  equipment,  installation  and  design/management  are  given.  Data 
acquisition  and  FCSMS  hardware  costs  shown  in  the  table  include  inter¬ 
face  haroware,  racks,  junction  boxes,  and  other  similar  system  inte¬ 
gration  costs  associated  with  assembling  the  vendor-supplied  equipment 
into  a  functional  system. 

Recall  that  the  sensor  costs  discussed  in  Sections  3  and  4  include 
allowance  for  manufacture  of  numbers  of  specialized  probes  into  which 
some  sensors  must  be  installed  and  for  alignment  and  basic  checkout  of 
the  non-intrusive  systems.  These  special  added  costs  for  the  sensors 
are  included  under  Item  IV  in  Table  14. 

Total  acquisition  and  installation  cost  for  the  system  will  be  about 
$2,700,000,  based  on  the  complement  of  sensors  listed.  It  is  evident 
that  compromises  in  the  system- -numbers  of  channels,  numbers  of 
sensors,  etc. --can  be  made  to  reduce  the  cost  estimate  by  10  to  30 
percent . 


Table  14.  LB/TS  sensor,  data  acquisition,  and  facility  control  system  cost 


I.  Hybrid  Data  Acquisition  System 


Quantity 

Cost  Estimate 

"  pi'-. . 

1)  Digital  -  Signal  Conditioning/ 

44 

S 

60,000 

Ampl if iers/  Fi Iters 

2)  Digital  -  Sample/Hold 

44 

10,000 

3)  Digital  -  ADC  with  Driver 

1 

30,000 

4)  Digital  -  Selector 

1 

25,000 

.  ,  .. 

5)  Analog  -  Signal  Conditioners 

64 

85,000 

6)  Analog  -  Mux/Demux 

10 

99,500 

7)  Analog  -  Tape  Recorder 

2 

100,000 

with  Playback  Combine 

8)  Processor  with  Memory 

1 

40,000 

9)  Fixed  Disk,  Mag  Tape 

1 

28,000 

10)  Terminals 

2 

6,000 

aar' 

11)  200  CPS  and  600  LPM  rrinters 

2 

17,500 

12)  Communications 

1 

12,000 

13)  Interface  Cards 

2 

10,000 

14)  Operating  System  Software,  Compiler 

? 

8,000 

15)  Voltage  Standard 

1 

2,000 

16)  Misc  Hardware 

1 

30,000 

1 . 

Subtotal 

s 

563,000 

- 

II.  FCSMS 

--  .  ■ 

1)  Signal  Conditloning/Amplifiers/Filters 

85 

s 

85,000 

2)  Host  Processor  with  Peripherals 

1 

40,000 

3)  Communications 

1 

10,000 

» ■.  . 

4)  Operating  System  Software,  Compiler 

1 

8,000 

5)  Voltage  Standard 

1 

2,000 

6)  I/O  System 

1 

60,000 

7)  Video  Mon itor/ Record  System 

5 

25,000 

8)  Misc  Hardware 

1 

40,000 

II . 

Subtotal 

s 

270,000 

III.  Application  Software  Allowance 

s 

250,000 

IV.  Sensors  and  Measurement  Systems  (see 

Sections  3 

and  4) 

1)  Pressure  Transducers  (incl.  4 

64 

s 

38,000 

reference  probes) 

2)  Temoerature  Sensors 

140 

14,000 

3)  Heat  Flux  Gages  (incl.  5  reference 

31 

33,000 

probes 

'  •-  v' 

4)  Strain  Gages 

50 

5,000 

5)  Accelerometers 

18 

14,000 
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Table  14.  LB/TS  sensor,  date  acquisition,  and  faciiity 
controi  system  cost.  (Concluded) 


Quantity 


6)  Linear  Potentiometers  40 

7)  Inertial  Reference  Unit  2 

8)  IR  Pyrometers,  Target  Surface  10 

(two-color) 

9)  IR  Pyrometers,  TRS  (two-color)  5 

10)  Thermovision  System  (two-color)  1 

11)  CVF  Radiometer  1 

12)  Laser  Velocimeter  1 

13)  High-Speed  Photography  System  16 

14)  High-Speed  Video  System  3 

15)  Automatic  Video  Reading  System  1 

16)  Optron  Displacement  Follower  1 

17)  Sensor  Procurement  and  Integration  LS 


IV.  Subtotal 

V.  Special  Calibration  Equipment 

1)  Pressure  Calibrator  (portable) 

2)  Temperature  Calibrator  (portable) 

3)  Heat  Flux  Calibrator  (portable) 

VI.  Installation 

1)  For  Data  Acquisition  System 
(excluding  sensors  or  cable) 

2)  For  FCSMS  (excluding  sensors 
or  cables) 

3)  Sensors  and  Cabling 

VII.  Preliminary  and  Final  Design, 

System  Integration,  and  Management 


Cost  Estimate 

4,000 

70,000 

50,000 

28,000 

105,000 

100,000 

113,000 

182,000 

150,000 

20,000 

30,000 

150,000 

$1,106,000 


$  12,000 
10,000 
15,000 


S  19,000 
16,000 
50,000 
$  350,000 


SDAC  SYSTEM  TOTAL 


$2,661,000 


SECTION  8 
CONCLUSIONS 

1.  Parameter  levels  in  the  LB/TS  flow  (including  the  TRS)  are  not 
excessive  compared  to  typical  shock  tube  operating  conditions.  An 
incident  shock  Mach  number  of  two  or  less  with  static  overpressure 
of  240  kPa  (340  kPa  absolute)  behind  the  shock,  static  temperature 
ratio  of  less  than  two  times  ambient,  and  flow  velocity  of  about  the 
speed  of  sound  will  occur.  While  rise  times  are  of  a  few  micro¬ 
seconds,  important  flow  transients  develop  over  seconds  in  the 

very  large  LB/TS. 

2.  Physical  sensors  for  measurement  of  pressure,  temperature,  and 
heat  flux  in  the  ranges  and  with  the  response  required  by  the 
LB/TS  in  both  the  diffraction  and  drag  phases  are  available  from 
many  manufacturers.  Mounting  of  these  sensors  within  each 
specific  target  without  compromising  response--while  protecting  the 
sensor  from  damage  and  permitting  in-place  calibration--will 
present  recurrent  operation  constraints  for  their  use  in  the 
LB/TS. 

3.  Physical  sensors  for  measurement  of  strain,  acceleration,  and 
displacement  in  the  LB/TS  environment  are  more  specialized,  more 
difficult  to  utilize  in  practice,  and  can  be  obtained  from  fewer 
commercial  sources.  Inertial  rate  gyro-based  systems  appear  to  be 
a  possible  method  for  measuring  whole  body  motions  if  dust  or 
other  problems  (condensation)  obscure  the  target  and  prevent  the 
use  of  optical  (photographic)  techniques  for  measuring  whole  body 
motion . 

4.  Reliable  optical  sensors  exist  for  making  selected  flow  and  target 
response  measurements  over  rather  restricted  parameter  ranges 
and  for  limited  environmental  conditions.  The  most  versatile 
system  for  many  qualitative  and  quantitative  measurements  in  the 
LB/TS  is  a  complement  of  high-speed  cameras  and  two  special 
high-speed  video  cameras.  Systems  for  automatic  determination  of 
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target  position  (and  motion)  from  either  film  or  video  tape  are 
available.  Infrared  sensors  are  also  essential  for  monitoring  the 
TRS  source  temperature  and  measuring  target  surface  temperature 
distributions . 

5.  X-ray  systems  were  evaluated  to  provide  motion  data  for  elements 
within  the  target  or  the  whole  target  in  the  event  of  significant 
flow  obscuration.  Due  to  significant  operating  problems  and  high 
cost,  the  x-ray  should  only  be  used  in  the  event  of  large  flow 
obscuration  beyond  the  levels  presently  anticipated. 

6.  Initial  cost  of  a  suitable  inventory  of  physical  sensors  could 
approach  $200,000  to  $300,000  (see  Section  3.6). 

7.  Cost  of  the  optical  systems  ranges  from  $30,000  to  $75,000  each 
with  the  total  for  all  surveyed  approaching  $3,000,000.  Cost  for  a 
complement  of  optical  sensors  including  only  those  four.d  to  be 
practical  in  this  study--IR  pyrometers,  thermovision,  CVF  radiom¬ 
eter,  laser  velocimeter,  high-speed  photography  system,  high¬ 
speed  video  system,  automatic  video  reading  system,  and  an 
Optron  displacement  followei — is  $790,000  (see  Section  4.10). 

8.  Both  analog  and  digital  data  acquisition  systems  are  commercially 
available  which  meet  the  very  high  speed  data  processing  require¬ 
ments  of  the  113  data  channels  of  the  LB/TS  [1000-250,000  Hz 
bandwidth],  including  signal  conditioning,  data  acquisition,  host 
computer,  etc.  However,  the  aggregate  sampling  rates  and  com¬ 
mensurate  storage  volume  for  a  10-second  run  using  a  digital 
sampling  theorem  of  5  samples  per  cycle  introduce  an  unwarranted 
element  of  risk  into  the  pure  digital  system.  For  this  reason,  a 
hybrid  analog/digital  system  is  selected  for  the  LB/TS  data  acquisi¬ 
tion  function. 

9.  A  digital  based  facility  control  and  status  monitoring  system, 
capable  of  monitoring  facility  preparation  for  a  run  and  providing 
limited  real-time  control  during  a  run,  is  practical  at  a  total 
hardware  and  software  cost  of  approximately  $400,000. 
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10.  A  comprehensive  sensor,  data  acquisition,  and  control  (SDAC) 

system  for  the  LB/TS  is  configured  in  Section  7  to  accommodate 
the  large  number  of  system  channels,  the  high  sampling  rates,  and 
the  real-time  facility  control.  The  system  utilizes  the  hybrid 

analog/digital  data  acquisition  concept  and  the  digital  FCSMS 
concept.  Software  to  accomplish  system  calibration,  data  acquisi¬ 
tion  system  setup,  data  acquisition  during  the  run,  data  reduction 
and  display,  facility  control,  and  facility  status  monitoring  are 
defined. 

11.  A  system  acquisition  plan  for  the  LB/TS  SDAC  is  shown  to  require 
15  months  and  a  budget  of  approximately  S2, 700,000,  excluding 
inflation  from  mid-1984  and  contingency. 
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INTRUSIVE  SENSOR  SPECIFICATIONS  APPLICABLE 
TO  THE  LB/TS  FACILITY 
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PRESSURE 

TRANSDUCERS 


XTM-190/XT1VIE-190  SERIES 
Metal  Oiaphragm-Ruggedizect 

a  Excellent  Stability 
B  High  Natural  Frequencies 
B  10-32  UNF  Thread 
B  Robust  Construction 
B  Inorganically  Bonded  Sensor 


The  XTM-190/XTME-190  miniature  oressure  trans¬ 
ducers  utilize  a  metal  diaonragm  as  a  force  collec¬ 
tor  with  a  Piezoresistive  Sensor  as  its  sensing  ele¬ 
ment.  With  the  10-32  UNF  threaded  oody,  hex¬ 
agonal  head  and  "O"  ring  seal,  the  XTM-190/ 
XTME-190  Is  easy  to  mount  and  simoie  to  aooiy.  The 
small  size  and  flush  oiaohragm  permit  direct  instal¬ 
lation  of  the  transducer  in  the  wall  of  pressure  con¬ 
tainers.  tutses.  pipes,  etc.,  eliminating  the  need  for 
costly,  space  consuming  hardware. 

Designed  to  Be  very  rugged,  the  XTM-190/XTME-190 
feature  an  internal  temperature  compensation 
module.  In  addition,  a  sturdy,  four  conductor 
shielded  cable,  with  strain  relief,  is  provided  for 
electrical  connection. 


Differential  versions  of  all  ranges  are  available.  The 
reference  pressure  source  should  be  dry,  non- 
corrosive  gas.  Absolute  and  sealed  versions  of  the 
XTM-190/XTME-190  have  a  reference  pressure 
sealed  in  the  transducer. 

The  all  electron  beam  welded  construction,  and  the 
wetted  parts  being  of  1 7-4  PH  stainless  steel,  maKe 
the  XTM-190/XTME-190  sensing  sides  suitable  for 
immersion  in  media  which  are  compatible  with  the 
materials  of  construction.  The  '0"  ring  supplied  as 
standard  is  a  Buna  N.  Other  materials  can  be  sup¬ 
plied  on  request. 

The  XTME-190  is  a  high  temperature  version  with 
maximum  operating  temperature  of  +  500*F 
(260*0. 

Kulite  pressure  transducers  are  calibrated  in¬ 
dividually  by  qualified  technicians  using  equip¬ 
ment  traceable  to  National  Bureau  of  Standards. 
Pertinent  data  are  included  with  units. 


The  standard  XTM-190/XTME-190  transducers  are 
designated  as  gage  units.  Pressure  ranges  of  250 
psig  and  below  are  supplied  wnn  a  venting  tube. 
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Change  of  Sensitivity  witn  Temperature 
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The  hEM-375  transducer  has  been  deveiooed  by 
Kulite  (or  duty  at  temperatures  of  up  to  SOO'F. 

An  all  metal,  electron  beam  welded  assembly,  the 
HEM-37S  features  a  metal  diaphragm  as  a  tores  col¬ 
lector  with  a  Kulite  Plezoresistive  Sensor  as  its 
sensing  element,  inorganically  bonded.  This  ad¬ 
vanced  construction  results  in  a  highly  stable, 
reliaoie  and  rugged  transducer. 

The  small  size  of  the  force  collector  allows  the 
HEM-375  to  be  used  for  high  frequency 
measurements.  Shock  pressure  measurements 
can  also  be  made  successfully  due  to  the  high 
natural  frequency  and  flat  response  of  the 
transducer.  High  output  and  low  impedance  in¬ 
herent  in  piezoresistive  sensors  make  the  HEM-37S 
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HIGH  PRESSURE 
TRANSDUCER 

HEM-375  SERIES 

■  High  Temperature 

■  Excellent  Stability 

■  High  Natural  Frequencies 
a  %-24  UNF  Thread 

a  Robust  Construction 
a  inorganicaily  Bonded  Sensor 


ideal  (or  use  in  hostile  environments. 

The  Wheatstone  bridge  sensing  principle  is  com¬ 
patible  with  most  strain  gage  signal  conditioning 
equipment,  avoiding  the  need  for  charge 
amplifiers,  coaxial  cables  and  impedance 
matching  devices. 

Materials  of  construction  are  l7-4  PH  stainless 
steel  and  the  silicone  rubber  O-nng.  The  ail  weioed 
construction  allows  the  transducer  to  be  immersed 
in  liquids  compatible  with  the  materials  of 
construction. 

Sealed  and  absolute  units  feature  secondary 
containment. 
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INTRODUCTION 

This  product  bulletin  describes  Kulite's  unique  line  of  Integrated  Sensor  Pressure  Probes. 

These  solid  state  devices  incorporate  a  diffused  four  arm  Wheatstone  bridge  on  the  surface  of  a  silicon 
diaphragm.  This  approach  originated  by  Kuiite  to  meet  the  demands  of  the  Aerospace  industry  has  been 
under  constant  development  and  evolution  over  the  last  fifteeh  years.  Kuiite  pioneered  the  development  of 
miniature  dynamic  pressure  prooes  and  today  offers  a  line  of  miniature  and  ultraminiature  devices  with 
static  and  dynamic  performance  comparable  to  the  very  best  transducers  ot  any  size  currently  commercially 
available. 

These  transducers  have  found  wide  acceptance  in  aerospace,  for  wind  tunnel,  flight  test  and  acoustic 
measurements.  They  nave  established  the  industry  standard  of  excellence  lor  dynamic  pressure  measure¬ 
ment.  The  small  size  of  these  devices  nas  made  them  uniquely  suited  to  a  large  variety  of  test  and  production 
applications  in  industry,  research  and  development  and  medicine. 

Of  particular  note  is  the  high  natural  frequency,  low  hysteresis  and  superior  thermal  and  environmental  oer- 
formance.  These  features  are  the  result  of  the  integrated  silicon  sensor  and  silicon  force  collector.  Silicon 
was  originally  adopted  because  of  its  large  piezoresistive  coefficient  and  compatibility  wth  transistor 
fabrication  techniques.  Silicon  has  been  found  to  possess  excellent  transducer  characteristics. 

Its  combination  of  a  high  elastic  modulus  and  low  density  along  with  the  ability  to  be  fabricated  in  very  small 
sizes  by  phoiolitnograony  allows  for  a  sensor  with  a  very  high  resonant  frequency.  The  single  crystal  nature 
of  silicon  means  virtually  no  creep  or  hysteresis.  Piezoresistive  Integrated  Sensor  technology  is  tooav  s 
emergent  transducer  technology.  Kuiite  continues  to  develop  this  piezoresistive  technology  and  welcomes 
the  Challenge  to  meet  the  new  requirements  of  the  future. 

The  probes  described  in  this  bulletin  are  of  a  modular  nature  and  allow  the  measurement  system  designer  a 
maximum  of  Mexibiiity  in  the  mechanical  design  of  his  system.  A  variety  ot  special  probes  are  shown  on 
pages  12  and  13.  Kuiite  welcomes  the  opportunity  to  tailor  a  sensor  to  your  specific  requirements. 

All  Kuiite  probes  are  hermetically  sealed  to  vacuum  or  ambient  pressure  when  offered  m  sealed  gage  or  ab¬ 
solute  versions.  Reference  tubes  are  supplied  with  gage  and  differential  versions. 

Integrated  Sensor  probes  are  conventionally  supplied  with  an  external  compensation  module  which  provides 
zero  balance,  and  temperatura  compensation.  These  modules  contain  only  temperature  insensitive  trim¬ 
ming  resi<tors  and  do  not  need  to  be  at  the  same  temperature  as  the  transducer. 

All  transducers  .030"  and  larger  are  provided  standard  with  an  "M"  screen.  This  is  a  protective  mesh  which 
provides  mechanical  protection  for  the  pressure  sensitive  surface.  In  applications  such  as  wind  tunnels 
where  maximum  protection  from  particles  impact  is  required,  a  "B"  type  screen  should  be  specified.  This 
screen  has  a  peripheral  array  of  aperatures  which  provide  increased  particle  protection  while  having  a 
minimal  effect  on  frequency  response. 

The  093'  and  larger  probes  are  available  in  longer  versions  with  internal  compensation  modules  and  shield¬ 
ed  caoies.  Contact  the  factory  for  further  information. 

Kuiite  recognizes  that  the  needs  of  the  test  community  are  unique.  We  have  available  a  product  support  team 
of  engineers  experienced  in  this  field  ready  to  worK  witn  you  to  provide  the  proper  instrument  tor  a  given 
application.  Kuiite  stands  ready  to  offer  in  depth  technical  assistance  and  rapid  turnaround  limes  when 
required. 
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ULTRAMINIATURE  IS®  PRESSURE  TRANSDUCERS 


CQ-030  SERIES 
XCQ-050  SERIES 


■  1/32”  Diameter 
B  For  Dynamic  Use  Only 
B  Smallest  Pressure  Sensor  Available 
B  Available  Gage  (G),  Differential  (D) 
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ULTRAMINIATURE  IS®  PRESSURE  TRANSDUCER 


XCQ-062  SERIES 
B  1/16”  Diameter 
B  Available  All  Standard 
Pressure  Ranges 
B  Ideal  For  Wind  Tunnel 
Applications 

B  Excellent  Static  And  Dynamic 
Performance 
D  Rugged 

B  Available  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 
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HIGH  SENSITIVITY  ULTRAMINIATURE  IS®  PRESSURE  TRANSDUCERS 


XCS-062  SERIES  HIGH  IMPEDANCE 
XCW>062  SERIES  LOW  IMPEDANCE 

B  High  Sensitivity 
B  Superior  Signal  To  Noise  Ratio 
B  Static  And  Dynamic  Capability 
B  Wide  Dynamic  Range 
B  Avaiiable  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 


Bfidgt  Typ« 


PfMttjrt  lOSit  I  S 


Ov«r  Pr««surf  (p«0 


Puli  Seal*  Oucout  (nomi  22SrnV 


Escitation 


inoul  tmeaoanct  (mm) 
Output  imp«aanc«  tnom) 


Comemad 
Nonimtarity  and 
Hyatartais 


RtpaataOilily 


Natural  Praquancy  ISOkHz 


Zaro  Baianca 


Corr^oansatad 
Tamearatura  Ranga 


Ooaratmg 
Ttmoaratura  Ranga 


ManmuiTt 

Chanaaof  Sansitivity 
Wiirt  Tamparatura 


Matimum 

Cnanaaof  No-Load 
Ouiout  Witn  Tamgaraiura 


Rasoiution 


Accaiaration  Santiiiviiy 
PS/g 

Paroanoicuiar 

Tranavarsa 


Waigni  (Etciudmg  Moduia  1 

and  Laads) 


oos 

0005 


XCS*062 


XCW-062 


Puiiy  aetiva  tour  arm  Whaatatona  Bndga  diffuaad  into  siiteon  oiaonragm 


3  Timas  ratad  prasaura  witn  no  cnanga  m  calibration 


12000 

25000 


22SmV 


15V  OC  or  AC 
i20V  mas) 


l25mV 


8000 

7500 


0.5%  BF5L 


2S0kHz 


0.1%  PS 


l50kHz 


3%  PB 


80*F  to  10O’P  (25 ’C  to  80’CI 
Any  200*P'anga  witmn  ina  ooaratmg  ranga  on  roouaat 


-«5’Pro250'P<-55’C  to  ^20*0 
Tamoaraturas  to  350  'P  ( 1 75  *Ci  ODUonal 


a2%/i00'P 


*2%  PS/100*F 


Inlinita 


005 

0005 
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002 

0002 


15' 


225mv 


2S0kHz 


002 

0002 
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MINIATURE  IS®  PRESSURE  TRANSDUCERS 


XCQ-080  SERIES 

■  2mm  Diameter 
B  Static  And  Dynamic  Capability 
H  High  Natural  Frequency 
B  15  Year  History  Of 

Successful  Applications  In 
Wind  Tunnel  And  Flight 
Test  Programs 
B  Excellent  Linearity 
B  Available  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 


080 


(••ESSUAE 
SCNSITIvg 
AREA  028 


SCREEN  STANDARD 


PRESSURE  REFERENCE  TUBE. 

_ 028  00«r  long 


5  LEAOS^ 
TEFLON 

insulated 

9  36  AWC 
24"  LONG 


temperature 

compensation 

MODULE 

I  OlA.  •  I"  LONG 


4  leads - ^ 

3  36  AwC  teflon 
INSULATED  WIRE  6  LONG 


B'ldg*  Typ* 


R4t«d  P^tSSur«iOSO 


Ov«f  PrRSSurt  ipsif 


Input  imotoancR  immi 
Output  imptoanca  mom) 


Puity  46tiv«  four  arm  Whoatst^t  Sridga  diftustd  mto  nneon  oiaonragm 


Comoinod 
Nonimaanty  and 
Hysteresis 


Pepeataoiiity 


Natural  PreQuency 


Zero  Balance 


Comoensated 
Temoeraiure  Range 


80 •P  fo  180*P  (25*C  ro  80*0 
Any  200 *P  range  witmrt  me  operating  range  on  reouesi 


Operating 
Temperature  Range 


-65*P  to  250*P  t  -  55 ’C  to  i20*Cl 
Temperaiures  to  3S0*F  il75*Ci  optional 


Maiimum 

Cnanoe  of  Sensitivity 
Wiin  femperaiure 


l.SV«/i00*P  wfien  eacited  as  m  note  t 


Maiimum 
Change  of  No-Load 
Output  Witn  Temoerature 


Acceleration  Sensitivity 
S  FS/g 
Pereendicuiar 
Transverse 


Weight  lExciuding  Module 
and  Leaosi 
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STANDARD  VERSION  MINIATURE  IS®  PRESSURE  TRANSDUCER 

XCQ-093  SERIES 

■  3/32”  Diameter 
B  Industry  Standard 
B  Superb  Stability 
B  Program  Qualified  In  U.S.A. 

And  Europe 

B  Size  And  Shape  ideal 
For  Incorporation  In  User 
Designed  Probes 

B  Available  Gage  (G),  Sealed  Gage  (SG), 

Differential  (D),  Absolute  (A) 


ptessuffc 
scNsirtvc 
aAEa  03B  OiA 


8r<dgt  Tyo* 


R«lta  PrtMurt  toso 


Ov«f  Pr«ssur«  (QSi) 


Pull  Scait  Outout  (domi 


Escitafion 


2t 


65mV 


inout  imotdance  im«nt 
Oufout  tmptaanca  mom) 


Comemod 
Noniinoafiiy  and 
Hysi^rasu 


PaoeataDilify 


Natural  Frtduency 


200kHz 


Zaro  Baiancd 
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Tamoaratura  Ranga 


Ooaratmd 
Tamoaratura  Pang# 


Masimum 

Chanaa  of  Sansitivtiy 


Matimum 

Chanda  of  No-Coad 
OuiQut  ^itn  Tamoaratura 


Raaoiution 


Accaiaration  Sanatiivtty 
%  PS^g 
ParoandiCuiar 
Transvarsa 


0002 

00004 


Waigrtt  lEtciudmg  Moduia 
and  Laaosi 


Fully  acttva  four  arm  wnaatstona  Brtdga  oHlusad  mto  ameon  otaonragm 


SO  100  250 


3  Timas  ratad  prasaura  wun  no  cnanga  m  canoranon 


75mV  lOOmV  lOOmV 


5V  DC  or  AC 
<y.5V  maa) 


600n 

750fl 


0.5%  BFSL 


0.1%  FS 


290kHz  360kHZ  570kHz 


3%  FS 


80*F  to  180*F<25  ’C  to  80*0 
Any  200  *F  ranga  wiinm  ma  ooarating  range  on  raouasi 


-65 ‘F  fo250*F(-55*Clo  i20*O 
Tamoaraturas  to  350*F  1 1 75  *Cl  optional 


i.5%/iOO*F  wh«n  eiotad  as  m  nota  i 


5%  FS/100*F 


Inltniia 


OOQ15  00009 

00003  000018 
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00005 

00001 


ui<r*g  e  f  )v  contr^nr  wOitsQt  sow'C#  f%00  onmi  rn# 


500 


lOOmV 


810kHz 


00004 

000008 


N0r# 


HIGH  SENSITIVITY  MINIATURE  IS^  PRESSURE  TRANSDUCERS 


XCS-093  SERIES  HIGH  IMPEDANCE 
XCW-093  LOW  IMPEDANCE 

■  2122"  Diameter 

■  High  Sensitivity 

■  High  Signal  To  Noise  Ratio 

O  Static  And  Dynamic  Capability 
a  Wide  Dynamic  Range 
B  Available  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 


vVftqnt  iCtc'uOinq  Mooui# 
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SHORT  LENGTH  IS®  PRESSURE  TRANSDUCERS 


CQ-140  SERIES 
XCQ-1S2  SERIES 

D  .140”  And  .152”  Diameter 
H  High  Natural  Frequency 
B  Available  5  PSI  to  500  PSI 
B  Short  Body 

B  Available  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 


BfiOIQ*  Tyet 

Puily  aotiva  four  arm  Whaatstona  Srioga  oiffusao  into  silicon  oiaonragm 

AaiM  Prtiiur*  (Sdl 

S  10  :s  so  100  290  900 

Ovar  Prnaur*  issu 

3  Timas  ratad  prassura  untn  no  cnanga  in  caiioraiion 

Pull  Seal*  Outoul  (nomf 

tOOmV 

EacitaiiOA 

10V  DC  or  AC 
(15V  max) 

Inout  imotoance  imint 

Outoul  imotaanca  inom) 

soon 

3500 

Comeinad 

Nofiiin^gtiiY  and 

Hyaiaraais 

0.3%  8PSi. 

Raeaataoiiity 

0.1% 

Natural  Praquaney 

70kHz  7QkHz  100kHz  130kHz  160kHz  2a0kHz  350KHz 

Ztro  SalwK* 

3%  PS 

Comoansatad 

Tamoaraiura  Ranga 

80’Pto  160*P  (25 ’C  to  80*0 

Any  200  *P  ranqa  wtinin  tna  ooaraimg  ranga  on  raquast 

Ooavatinq 

Tamoaratura  Ranga 

-65*Pto250*Pf-20*Cto  ISOX) 

Tamparaiuras  to  350  *P  (i  75  'O  optional 

Maaimum 

Cnanqa  of  Sansitivity 

Witn  famoaratura 

e2%n00’F 

Maiimurrt 

Chanqa  of  No  Load 

Oufout  Wfin  T9mo^f»ttjr9 

£  1%  PS/iOO'F 

RasoiuKOft 

infintia 

Accaiaration  Sansiiiytty 
%  PSq 

Paroandicuiar 

Tranavarsa 
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HIGH  TEMPERATURE  IS®  PRESSURE  TRANSDUCER 


XCE-152  SERIES 

■  Wide  Temperature  Capability 
-65*FTo  525“F 

■  High  Naturai  Frequency 

■  Extra  Low  g  Sensitivity 

■  Advanced  Dielectric  Technology 

■  Available  Gage  (G),  Sealed  Gage  (SG), 
Differential  (D),  Absolute  (A) 


■PRESSURE 
SENSITIVE 
AREA  073  OIA. 


24"  long 


Briog*  Tyo« 

Fully  active  tour  arm  Wheatstone  Bnoga  oittused  into  smeon  oiaonragm 

PaiM  Prtstur*  IBS') 

25  50  1M  250  500 

Ov«r  PretSurt  (ps» 

3  Times  rated  pressure  with  no  change  >n  canpration 

Full  Seal#  Output  <nam) 

SOmV  IMnriV  IMmv  lOOmV  75mV 

Excitation 

'  5V  OC  5f  AC  10V  OC  or  AC 

i20V  ma«i  120V  m»ii 

input  imoodanca  intmi 

Output  imoddancainomi 

2000Q 

toooo 

ComotndO 

Nonimaarify  and 

Hysiartsis 

O.SVv  0FSL 

Paodataoiiity  y 

0.2%  FS 

Natural  P'toudney 

lOOliHi  lOOliHi  lOOkMi  2*0i«m:  350kMz 

Zaro  Satancd 

5%  FS 

Comoensattd 

Temoeraiura  Rang** 

aO'F  10  450 'F  (25 'C  to  235  X) 

Ooffating 

Temparaiura  Rang# 

-  65 *F  to  525'F  f  -  55  X  to  273  X) 

Maximum 

Chanatoi  Sensitivity 

vviin  Temperature 

Within  5%  over  compensated  range 

Maximum 

Change  of  No-Load 

Outoul  /Tiin  Temoerature 

2%  FSnOO'F 

Resolution 

intimie 

Aectferaiion  S«nsirivi(y 
••.FS.q 

P«fD«ndicuiAr 

Transvtrsc 


Wtfqnt  Modui* 

«nd  Leeds) 
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APPLICATION  DATA 


MOUNTING 

Integrated  Sensor  pressure  sensing  probes  are  suitable 
tor  mounting  in  a  variety  ot  installations.  The  transducer 
should  be  soft  mounted  if  it  is  to  be  removed  at  a  later 
date.  These  transducers  have  a  minimal  case  sensitivity 
and  hard  mounting  with  epoxy  is  acceptable.  Some 
typical  Installations  are  shown  below: 


END  MOUNT 


FLUSH  MOUNT 


The  external  compensation  module  contains  only  tem¬ 
perature  insensitive  resistors  and  need  not  be  in  the 
same  tempersture  environment  as  the  transducer  and 
may  tse  mounted  at  any  convenient  location. 


These  probes  are  particularly  suitable  for  rake  labncatior. 
Two  techniques  which  have  been  very  successfully 
employed  are  shown  below: 


PARTICLE  IMPACT  AND  THERMAL 
TRANSIENT  PROTECTION 

The  Kullte  Integrated  Pressure  Probes  have  found  a  wide 
application  m  wind  tunnel,  engine  and  flight  test  work.  In 
certain  applications  such  as  total  pressure  measure¬ 
ment  in  supersonic  wind  tunnels,  it  is  desirable  to  pro¬ 
vide  means  for  protecting  the  diaphragm. 

Two  basic  methods  used  for  protection  are: 

1.  Coating  the  diaphragm  with  a  protective  layer  such 
as  Silicone  Rubber.  RTV,  Silastic,  etc. 

2.  Shielding  the  diaphragm  with  a  perforated  screen. 

Typically,  both  a  protective  layer  and  screen  are  utilized. 
Many  versions  of  the  Kulite  Pressure  Probes  with  protec¬ 
tive  devices  are  commonly  employed.  They  have  satisfac¬ 
torily  performed  under  the  most  severe  conditions  and 
have  resisted  particle  impingement  in  supersonic  wind 
tunnel  work.  The  data  available  indicates  that  the  most 
effective  method  lor  general  purpose  protection  is  the 
use  ot  both  a  protective  coating  and  a  perforated  screen. 
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COATING 

Tha  material  used  by  Kuiite  to  coat  the  diaphragm  Is 
RTV-511.  manufactured  by  General  Electric.  It  has  a  low 
modulus  of  elasticity  and  is  easy  to  apply.  Generally  a 
nominal  thickness  of  .003*  is  used. 

Tests  indicate  that  the  protective  layer  does  not 
Significantly  change  the  static  or  dynamic  character¬ 
istics  of  the  transducer.  A  slight  deterioration  in  the  ac¬ 
celeration  sensitivity  of  the  transducer  is  to  be  expected. 
However,  since  the  inherent  acceleration  sensitivity  of 
the  uncoated  units  is  extremely  low.  the  coated  units  still 
have  an  acceleration  sensitivity  superior  to  other  com¬ 
mercially  available  miniature  pressure  transducers. 

All  Kuiite  Transducers  can  be  supplied  with  RTV  coating 
at  no  extra  charge. 

SCREENS 

Two  types  of  screens  are  available  from  Kuiite. 

“M” TYPE  SCREEN 

This  screen  consists  of  a  .005*  thick  fine  metallic  mesh. 
The  hole  sizes  are  .006*  diameter. 

■•B”TYPE  SCREEN 

This  screen  consists  of  a  .005*  thick  plate  with  .006* 
diameter  holes  positioned  on  a  circle.  The  diameter  of  the 
circle  is  greater  than  the  active  diameter  of  the  dia¬ 
phragm.  This  arrangement  eliminates  any  possibility  of  a 
particle  penetrating  through  the  holes  and  hitting  the 
undamped  portion  of  the  diaphragm. 

These  screens  are  mounted  in  a  screen  holder  which  is  in¬ 
stalled  on  the  transducer  housing  in  front  of  the  dia¬ 
phragm.  The  minimum  distance  between  the  diaphragm 
and  the  screen  is  .005*.  Other  distances  may  be  used  in 
accordance  with  application  requirements.  Distances  of 
.006*  and  .013*  between  the  diaphragm  and  screen  are 
used  in  the  standard  Kuiite  probes. 


Most  Kuiite  Integrated  Sensor  Pressure  Probes  are  sup¬ 
plied  standard  with  an  "M"  screen.  “B"  screens  may  be 
ordered  as  an  option. 


Test  results  indicate  that  the  screen  assembly  does  not 
cause  a  deterioration  in  the  static  performance  of  the 
transQucer.  Furthermore,  it  does  not  have  any  effect  on  the 
dynamic  resoonse  from  20  Hz  to  20  kHz  as  shown  in  the 
curves  ol  Figures  1  and  2. 

Figure  1  IS  obtained  by  subiecting  a  CGLOSO  ^S  trans¬ 
ducer  fitted  with  a  screen  assemoiv.  to  a  constant  sound 
pressure  field  of  140  oB  acoustic  over  a  freouency  range  of 
20  HZ  to  20  kHz.  The  souno  pressure  field  and  the  resultant 
dynamic  resoonse  curve  indicated  that  the  transducer's 
response  is  fiat. 

The  curves  shown  in  Figure  2  were  obtained  using  an  air  let 
which  produced  a  white  noise  spectrum.  The  transducer 
both  with  and  without  a  screen  assembly  was  suoiecied  to 


the  air  jet  at  angles  of  0*  and  30*.  The  transducer  output 
was  suDjected  to  a  narrow  band  analysis  which  estab¬ 
lished  that  up  to  30*  angle  ol  attack  there  were  no  notice¬ 
able  effects. 

The  screen  assembly  can  be  supplied  either  permanently 
mounted  on  the  transducer  or  separately  for  applications 
where  it  Is  desirable  to  have  a  removable  screen. 

Screen  assemblies  for  standard  Kuiite  pressure  sensors 
and  probes  may  be  obtained  at  a  small  additional  charge. 
For  additional  details,  contact  Kuiite  Semiconductor  - 
Applications  Erigineering  -  telephone  (201)  945-3000. 
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64  Series 

HEAT  FiyX  TRANSDOCERS 

for  the  DIRECT  MEASUREMENT 
OF  HEAT  TRANSFER  RATES 


•  LINEAR  OUTPUT 


OUTPUT  DIRECTLY  PROPORTIONAL  TO  HEAT  TRANSFER  RATE 


•  ACCURATE.  RUGGED,  RELIABLE 


•  CO^■VENIENT  MOUNTING 


•  UNCOOLED  MODELS.  WATER  COOLED  MODELS.  GAS  PURGED  MODELS 

•  RADIOMETER  AND  LIMITED  VIEW  ACCESSORIES 

•  MEASURE  total  heat  FLUX 

•  MEASURE  RADIANT  HEAT  FLUX 

•  REMOTE  MEASUREMENT  OF  SURFACE  TEMPERATURE 


64  Series  HEAT  FLUX  TRAMSDUCERS 


DESCRIPTION 

MEDThERW  64  Senes  Heat  Flu*  TfonsOucers  deoendobie 
rlirecf  measuremenr  of  heuC  trjnsfer  rates  irt  a  variety  of  aoodca- 
tions  due  to  careful  desi9n,  ru99ed  duality  construction  and 
versatile  mounnnq  cnnhguration.  Each  transducer  will  provide  a 
seif ‘generated  10  miihvoit  output  at  the  design  heat  flux  level. 
Cuntmuous  readings  from  2ero  to  1S0%  design  heat  Mux  are 
made  with  infinite  resolution.  The  transducer  output  is  directly 
proportional  to  the  net  heat  transfer  rate  absorbed  by  the  sen* 
sor.  E.icn  transducer  is  provided  with  a  cenified  calibration 
trac&juie  through  temperaiure  standards  to  the  National  Bureau 
of  SlantJards.  These  transducers  have  been  proven  m  thousands 
of  JUpiicaiions  iH  aerospace  applications,  heat  transfer  research, 
and  boiler  design. 

FEATURES 

•  linear  output 

•OUTPUT  proportional  TO  HEAT  TRANSFER  RATE 

•  ACCURATE.  RUGGED.  RELIABLE 

•  CONVENIENT  MOUNTING 

•  UNCOOLED.  WATER  COOLED.  GAS  PURGED  MODELS 

•  RADIOMETER  AND  LIMITED  VIEW  ACCESSORIES 

•  MEASURE  total  HEAT  FLUX 

•  MEASURE  RADIANT  HEAT  FLUX 

•  REMOTE  MEASUREMENT  OF  SURFACE  TEMPERATURE 

CONSTRUCTION  FEATURES 

ACCURACY.  flUGGSONESS  AND  R6LIA8I LiTY  are  provid¬ 
ed  iJv  (he  thoroughly  proven  Gordon  and  Schmiut  Boeiter  sen¬ 
sors. 

long  transducer  life  and  signal  stability  jre 

enhanced  by  the  rnassive  Dod  ot  pure  copper,  gold  plated  to 
protect  against  corrosion,  comarnmation,  .ind  excess  radiant 
heat  absorption  by  tne  heat  sink. 

protection  against  rough  handling  in  mounting  *s 
provided  by  a  stamiess  sieei  Mjnoe  when  speciiied. 

signal  integrity  1$  protected  by  the  use  of  welded  con¬ 
nections,  stranded  lead  wire  vvnn  braid^  copper  shielding  and 
teflon  insulation  firmly  secured  m  the  transducer  body  vith 
strain  relief  to  ensure  resistance  to  rough  handling  jnd  stray 
signals. 

accessories 

RE*.^OVA8l£  sapphire  ‘.vINDOW  ATTACHMENTS  jre  avail¬ 
able  'o  limit  tne  iMSic  transducer  uj  measurement  of  radiation 
heat  Mu«  only 

VIEW  restrictor  ATT  a  CH'.’ ENTS  -ire  available  to  limit 
rhp  angle  of  view  lor  rhe  ti.iS'C  tr, losducer  to  60®.  30®,  15  ,  or 

‘or  narrow  view  .ingle  measuremenr'- 

DIRECT  reading  hEaT  FLUX  ‘.^ETER  '.’oilel  ^-TOO  .s 
available  ’or  Jire';t  •nev’r  -e.iooui  n  jny  '^nat  'lu*  unns  from 
ony  linear  neat  ‘lu*  tfjnsoLiuef  'nout.  A  0-1  voii  recorder  oui- 
put  IS  also  orovided.  Ask  lor  UuMwtin  700 

BODY  TE'.'PSPATljPB  TH£R*.‘»0C0UPL£  me.isuremenr  -s 
orovifjed  '.jy  jn  noiiun.ii  cooper  ermst  mt.in  »  .’•.VG  '.-•ImI  ctin- 
ducfQr  'hprmocouoio.  TiG  welded  lunction,  .vith  'ihergi.iss  m- 
sui.ifion  and  metallic  averbrjid 


operating  principles 

The  64  Series  rransducers  are  of  two  basic  sensor  types,  the 
Gardon  type  15  to  400C  BTU/ft^  sec)  and  the  Schmidt-Boelter 
thermopile  lyoe  (0.2  to  5  BTU/ft^sec).  In  both  type  sensors 
heat  Ilux  is  aiisortied  at  the  sensor  surface  arxj  is  transferred  to 
an  integral  heat  sink  which  remains  at  a  temperature  below  that 
of  the  sensor  surface.  The  difference  m  temperature  between 
two  points  along  the  path  of  the  heat  flow  from  the  sensor  to 
the  sihK  is  proporiiorx)!  to  the  neat  being  transferred,  and,  there* 
fore  prt^ortiorxal  to  the  heat  Mux  being  absorbed.  At  two  such 
points.  MEOTHERM  transducers  have  thermocouple  lunctions 
which  lorni  a  differential  ihermoeiecinc  circuit  providing  a  self- 
generated  emt  between  the  iwvo  output  leads  directly  proper- 
tiorul  to  the  heat  transfer  rate.  No  reference  lunction  is  needed. 

GardOh  Gauges  absorb  heat  in  a  thm  metallic  circular  foil  and 
transfer  the  heat  radially  (parallel  to  the  absorbing  surface)  to 
the  heat  sink  attached  at  the  oenphery  of  the  foil,  the  difference 
in  temperature  >s  taken  between  the  center  and  edge  of  the  foil. 

Schmidt-Boelter  gauges  absurd  the  heat  at  one  surface  and  trans¬ 
fer  tne  heat  m  a  directi.  n  normal  to  the  absorbing  surface,  the 
differerKe  m  temperjiure  i$  taken  between  the  surface  and  a 
plane  beneath  me  surface. 

optional  features  include  four  mounting  configurations, 
water  cooling  provisions,  gas  purge  provisions,  or  (hermocouoies 
for  body  temperature  measurement.  Water  cooimg  shouita  oe 
specified  •»  me  uncooied  transducer  is  expected  to  reoerr  joove 
400''F 

ffii?  gas  puiqmg  provision  shouhi  i>e  mciuded  on  Mrtiation  ••  ms 
ducers  to  t»e  used  >n  J  sooty  anvironmeni  The  MEDTh£R*.' 
purge  1$  desxmeO  to  o.jss  "umi  NASA  oerformance  'es*s  .Mtn 
fuei-ricn  oxy-acetyiene  flames  directed  toward  the  wmoow  at 
close  range. 

STANDARD  CONFIGURATIONS 

Ttie  basic  rijnsducei  mjy  be  selected  wtih  either  o(  tour  mourn¬ 
ing  configur.itions  and  with  o»  .vithoui  UiOviSiOns  lO'  '.\ater 
.:ooiing  of  tr.insduce«  l»odv  It  may  .ilso  be  provided  with  gas¬ 
eous  ou'U'og  lo  keep  uie  ■  jdioiion-transmittinq  wmaow  clean, 
but  when  the  uu»qin«i  pioyiii»i»  iS  mcluvled.  the  wmOow  s  n- 
si Jilt’d  -.nd  is  not  1-1  viccessoiv 

RAOIOMCFER  WITH  GAS  PURGING  PROVISIONS 


'•*  '  ***  ■.«.  If*.  ..«A, 
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SMOOTH  BODY  WITH  FLANGE  THREADED  BODY  WITH  FLANGEjSMOOTH  BODY.  NO  FLANGE  THREADED  BODY.  NO  FLANGi 


VERSION 

BASIC. 

model  no. 

VERSION 

BASIC, 

MODEL  NO. 

VERSION 

BASIC, 

MODEL  NO. 

VERSION 

BASIC, 

MODEL  NO. 

NO  COOLING 

WATER 

64-KX-16 

NO  COOLING 

WATER 

64-Kx-t  7 

NO  COOLING 

WATER 

64.XX-14 

NO  COOLING 

WATER 

64-XX-15 

COOLED 

RAOIATION. 

PURGED 

G4-XX-20 

COOLED 

RAOIATION. 

PURGED 

G4-XX-21 

COOLED 

RAOIATION  . 

PURGED 

64-xx-t8 

COOLED 

RADIATION. 

PURGED 

64-«x-l9 

COOLED 

64P-XX-24 

COOLED 

64TP-XX-25 

COOLED 

64P-XX-22 

COOLED 

64TP.Kx.23 

SAPPHIRE  WINDOW  attachment  may  be  added  lor  elimi- 

SPECIFICATIONS 

natK)n  of  convcctrva  heat  transfer,  thus  makin9  the  transducer  a 
radiometer  or  radiation  heat  flux  transducer.  Three  view  angles 
are  available:  90^.  120^,  and  ISO^.  Windows  are  removable 
and  replaceable  by  user.  When  the  window  <s  used  the  sensitivity 
of  the  basic  transducer  is  reduced  to  a  nominal  fraction  of  the 
original  as  follows;  90^,  43“i.  1200.  64%.  ISQO.  79%.  Thick¬ 
ness  of  the  attachment  vanes  with  view  angle  and  sensor  type 
from  1/16"  to  3/8". 


RANGES  AVAILABLE:  4000.  3000.  2000  1000.  500  200. 
100.  50.  20.  10.  5.  2,  1,  0.2  BTU/lt^-sec.  design  heat  Hux 
level. 

OUTPUT  SIGNAL:  10  millivolts  Z  1.5  millivolts  at  full  range 

MAXIMUM  ALLOWABLE  OPERATING  BODY  TE.MPERA- 
TUBE;  400OF. 

OVERRANGE  CAPABILITY  150%  lor  5-2000  STu.tt2.sec 
ranges.  500%  for  0.2-2  BTU/lt2  sec  ranges. 

MAXIMUM  NON-LINEARITY  .*■2":  of  full  range 

REPEATABILITY  +  1/2"- 

ACCURACY:  2  3%  for  most  ranges 

CALIBRATION:  Certified  calibration  provided  with  each  trans¬ 
ducer. 

SENSOR  ABSORPTANCE.  02%.  nominal,  from  0.6  to  15.0 
microns. 

SPECTRUM  transmitted  BY  SAPPHIRE  WINDOW  (When 


VIEW  RESTRICTOR  ATTACHMENTS  for  limiting  the  area 


used)  S5"v»  nominal  Irom  0.15  to  5.0  microns. 


view  or  seen  by  the  jenwr  are  someiimej  OeaireO  lor  making  LEAD  WIRE  24  AWG  stranded  coooer.  two  conductor,  letlon 


radiation  or  remote  temperature  measurements. 


insulation  over  each,  metallic  overtjrjui.  tedon  overall.  26" 
lonn.  siripped  ends. 

RESPONSE  TIME  (63,2%l 

500  to  4000  BTU/fr2sec  less  ihjn  50  mst.-c 

50  to  20n  0TU/li2sec  :o5S  ihjn  lOO  -nsec 

5  to  20  BTU/fi^^^c  i^ss  tfi.io  290  ‘ms-t. 

0.2  'O  2  BTU.'t|«-scc  loss  ihjn  1500  msr'o 

SENSOR  TYPE 

5  to  4900  G.iriJiin  U.iuge 

0-2  to  4  BTU  f'2«;<.«r  S«  hmult  ••liieM*  * 

nominal  impedance 

Less  than  10  inm%  jn  1 1  inion 

Less  than  tOO  -.nms  m  lineiu-r  u  'Utn'S 

Amount  of  hear  whtch  t  .in  in*  iiisnriirii  I'V  ''  ii'siiuce'  m  ,n 
adtau.t(i«.  luen'.tiiv  ''>suiii«''i  ih.'fiT>  iiw  '  i'i-,'..ii  ,i  .i  .ti  (..ti.n. 
ceedmg  the  4i'W-’F  iimii  itK.n 

Models  wilhfiul  ..  iirf  r.it)lirM|  imiviM-’i'S  l>  2  , 

Muuels  with  «.iior  i,t,.tiinn  priiviSM'n  inii  .  .i'*’' m  n 

UJSSeiqes  4  ?  n  r  u 

'.l.lumtim  q.-.s  urrssuf*  '"i  titS  iii»i'i>  >l 
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ORDERING  INFORMATION 


TRANSDUCERS 


DESCRIPTION  1  MODEL  NO. 

PRICE 

.  SMOOTH  BOOT.  NO  FLANGE 

64.HX-14 

S22S.aO 

THREADED  BOOT.  NO  FLANGE 

64.».1S 

S24S.00 

SMOOTH  BOOT.  WITH  FLANGE 

64-ax-16 

S235.00 

THREAOEO  SOOT.  WITH  FLANGE 

64XX-17 

S250.00 

SMOOTH  BOOT.  NO  FLANGE 

&4-XH-18 

S310.00 

THREAOEO  BODY.  NO  FLANGE 

64.XX-19 

S330.00 

SMOOTH  BOOY.  WITH  FLANGE 

64.IIX-20 

5315.00 

THREADED  BODY.  WITH  FLANGE 

64.XX-21 

$340.00 

SMOOTH  BOOV.  NO  FLANGE 

64P.MII-22 

S38S.00 

THREAOEO  BODY.  NO  FLANGE 

64TPXX-23 

5410.00 

SMOOTH  BOOY,  WITH  FLANGE 

64P.<)i-24 

5400.00 

THREADED  BOOY.  WITH  FLANGE 

64TP..II.2S 

S4 30.00 

1 .  Soeeily  model  number . 

2.  Insert  desired  design  heat  flux  level  in  place  of  xx  In  the  model  number,  in  STU/ft^sec. 

3.  Add  $100.00  to  besw  price  for  0.2  BTU/ft^ec  range. 

4.  For  body  temperature  thermocouple  on  any  of  tht  above  transducers,  add  '*T**  to  model  number  and  S20.00  to  price. 

ACCESSORIES 

DESCRIPTION 

MODEL  NO. 

PRICE 

SAPPHIRE  WINDOW  ATTACHMENT  w/o  CALI  B. 

550.00 

SAPPHIRE  WINDOW  ATTACHMENT  vw/CALIB. 

SW-IC-YY  or  SW.2C  YY 

595.00 

VIEW  RESTRICTOR  ATTACHMENTS 

S70.00 

VIEW  RESTRICTOR  ATTACHMENTS.  WATER  COOLED 

VRW-7VRW>15.VRW-30,VRW-60 

5120.00 

DIGITAL  HEAT  FLUX  METER 

H-201 

5695.00 

RECALIBRATION  OF  TRANSDUCER 

. . . 

S70.00 

TO  SUBSTITUTE  WINDOWS  INSTEAD  OF  SAPPHIRE  AT  AOOlTIONAt  COST 


QUARTZ  AOO  S5.Q0 

CALCIUM  fluoride  AOD  S3s!oi0 

KRs  s _ AOO  sas.oo 

KQOAK1RTRAN2  ADO  i^O~6o 

BARIUM  FLUORIOE  AOO  $45.00 


OTHER  WINDOW  ANO  FILTER  MATERIALS  CAN  ALSO  BE  SUPPLIED  ON  REQUEST. 

In  addition  to  tht  siae  rangts  offered  m  the  64  Series  Heat  Flux 
Transducers  (1  men  oasic  diameter j  MEDTHERM  offers  the  8 
Senes  (1/8  meh  basic  diameter),  the  16  Series  1/4  mch  basic  dia¬ 
meter).  the  24  Senes  <3/8  mch  basic  diameter),  the  32  Series 
(1/2  ifKh  basic  diameten,  and  tne  48  Senes  (3/4  men  basic  dia* 


MEDTHERM 

CORPORATION 


meter),  as  well  as  flat  and  rectangular  transducers  of  a  variety  of 
sensor  tyoat.  We  veciaiiza  m  the  rapid  design  and  manufacture 
of  custom  heat  flux  transducers  for  your  oarticular  aooiications. 

Write  or  call  the  factory  for  recommendations  and  price  quota¬ 
tions  for  your  requirements. 
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Special  gropartlas:  " 

•  Electncal  transducer  output  w<r.h  high 
insulation  resistance  requires  suitable  (highly 
insulating  and  low-noisel  connecting  cables, 
e  Measunng  range  or  scale  in  g/V  easily 
selectable  with  the  transducer  range, 
e  Quasistatic  measurements  possible, 
e  Operating  temperature  range  of  piezo¬ 
electric  measuring  elements  can  be  fully 
utilized. 


Special  properties;  ‘  ' 

e  Low  impedance  transducer  output 
e  No  special  (highly  insulating  and  low-noise 
connecting  cables  are  necessary  , : 
e  Fixed  measunng  range  -  -  - 

e  Operating  temperature  range  -50  to  120°( 
e  Low  cost  per  channel 
e  Simple  and  inexpensive  signal  conditioner 


The  measuring  chain 


:  f! 

y 


Transducer  con* 
netting  cable 


Charge  amoiiher 
for  pieioeiectic  or 
couQier  for  Pteaotron 


Connecting  cable  Oispiav  and  evaluation  units  (e  g  osculo- 
2^0  scooes.  analog  displays,  transient  recorders. 

frequency  analyzers,  magnetic  tape. 


•  laboratory 
Vibration  calibration 
stanoaro 


harge  amplifiers 
jr  operating 
iezoelectric 
ccelerometers 


'  1  ; 


Mimatura  charge 
amplifier 


•  ^/leasurlng 
ranoe  permanently 
aoiusted 

•  ShocK'  and  vibra* 
tion  proof  Cesign 

•  Power  suooiy 
■►20  to  *32  V  dc 

•  Output  voltage 


re?  Cl 


Charge  amplifier  i 
with  digital  v'-'’  |! 
adiustment  ,v.  n 

•  Digital  setting  of 
the  measunng  range 
e  Simote  snao-m 
mounting  allows 
integration  in  the 
front  panel 

•  Power  supply 
stSVde.  =5% 

•  Output  voltage  ' 

=  10  V  .  ,w»- 


Charge  amplifier 

-.xiVV-h-. 


•  Dual  mode; 
piezoelectric  or 
Piezotron*  operation 

•  12  calibrated 
measuring  ranges 

•  3  selectable 
lime  constants  • 

•  Pfug-<n  low-oass 
and  notch  filters  v. 

•  Zero  and  - 
overioad  monitoring 

•  Remote  reset 
capability 

e  Two-color  LED 
shows  Piezotron 
operation  -  oV* 


*1  •  V  ■ 


'  ■  1  ^ 

‘  1  *  ♦ 

c-.c— I 

]  5026- 

Charge  amplifier 
I  with  differential 
type  input 

•  Differential  opera* 
tion  refects  120  Vpp 
common  mode 

,  •  Input,  output  and 
case  grounds  ail 
'  isolated 

I  Dual  mode:  'a 
piezoelectric  or 
I  Piezotron'  operation 
,  •  Near  dc  to 
:  050  kHz  response  .. 
:  •  Built-in  calibrator 
!  (O'al  Cal  feature)  * 

[  •  Plgg-m  filter  st.- 
'  capaoiiity  •’  ''*• 

•  n  0  V  ac  power 


i  Charge  amoiifier 
Ion  Euro-card 


•  Modular  design 

•  5  measuring 
ranges 

•  Fully  remote 
controiiaDie 

•  Freouenev  ^ange 
Quasistatic  up  lo 
10  kMz  (-3d3l 

•  Power  suoc'v 
,-15  V  dc.  :5?a 

•  Output  vo'tage 
slOV 


lezotron  - 
ccelerometers 


'•ns«ns  ««  04r*n«nMM  i  )  sr*  mm 


'oe 

|rmerlv.  Type 
ooertits 


hmcai  data 


8612AS 


r  •  Very  high 
!  senaitivitv 

I  •  Harmeticalfy  sealad 
[•  Gfound’tsoiated 


'  8616A500 
‘8616A1000 
[6118  81161 


I  •  £xtfemaiv  smaM 
I  and  light  {0  Sg) 

.  •  Very  high  reso* 

Inant  freauancy 
•  integral  caDle 


A500  A1Q00 


8618A500 
!  8618A2000 
{sie  818A1 
f  •  Effioenr.  versattie 
I  performance 
I  •  Grounp-isolated 
•  Side  connector 


f  A500  A2000 


8620 


,  •  Miniature,  welded 
I  construction 
,  •  Grouno-rsoiatton 
:  •  Side  connector 
I  e  Adhesive  mounting 


lueieration  range 
resnotd 

iceieration  limit 
'  isidvity 


9 

9 

mV/9 


s  50  >100 

0.005  ■  0.01 
>  300  >500 

too  >  2%  50  >  2% 


I  >  5 
'  0.0003 
>  50 

1000 >  2% 


'  .onant  /requancy 
lounted)  kHz 

eguency  range  (=  5%)  Hz 


'  23  '  . 

O.S  to  6000 


23  • 

0.5  to  6000 


nsverse  sensitivity  % 
'  "rating  temperature 


ga 

moerature  coefficient 

«c 

sensitivity 

%/®c 

ipiv  Current 

mA 

ipiv  voltage 

V 

out  imoeoance 

n 

tout  bias 

V 

£5 


*  55  to  120 


*65  to  100 


*0.06 


4  (constant) 
20  to  30 
<  100 
11 


-0.0€ 

4  (constant) 
20  to  30 
,<  10 
11 


nund  isolation 


vw 


gnt  g 

.a  sneet 


62  |70 

8.8610  18.8612 


>500  >  1000  . 

001  002 

>  2000  >  2000 

4  _  2.5  ; 

>  500  >  2000 

0  01  0.1 
!  >  1000  >  5000 

10  >  2%  1  >  2% 

>  500 

001 
=  2000 
;  10 

1 

-j...  '  I 

125  1 

1  to  25000  ■  ’ 

■  30  '  -■ 

2  to  5000  0  8  to  5000  1 

1 

50 

1  to  10000 

•. 

S5 

£5 

-55  to  120 

-  55  to  120 

-  55  to  120 

-0  06 

4  (constant) 
t2  to  30  20  to  30 

<  too 

2.5  11 

-007 

4  (constant) 

20  to  30 
<  100 

11 

1 

-0  06 

’  4  (constant) 

'  20  to  30 
<  100 

11 

[  with  mounting  adaptor 

yes 

yes 

05 

3.5 

1  88616 

8.8618 

8  8620 

)ieai  applications 


•  Vibration  measure* 
ments  on  process 
equipment 
e  Machine  tool  wear 


e  Low  and  medium 
frequency  vibrations 
on  heavy  structures. 

I  suspensions.  build> 
ings.  and  machines 


.  e  Vibration  mvesti* 
'  gations  on  very 
.  light  structures 
•  Measurements 
I  at  very  high 
!  frequencies 


\  •  General  vibration 
I  measurements 
•  Ground'isoiated 
'  design  eliminates 
1  ground  loop 
!  problems 


•  Modal  analysis 
]  of  structures 
J  e  Vibration  measure* 
•  ments  on  light 
I  structures 


ccelerometer 
^lifaration  _  y 
■stem 


8676K/5110* 

Offers  a  low  cost,  low  imoedanca 
Piezotron  alternative  for  field  cali¬ 
bration  of  accelerometers.  Features 
rugged  design,  low  base  strain 


sensitivity,  and  low  mass  loading 
sensitivity.  Beryllium  mounting 
base,  lapped  optically  flat,  provides 
optimum  coupling  between  calibra¬ 
tion  standard  and  test  transducer. 


Technical  data: 

■■ 

8676K/511 

Acceleration  range  *  •-  * 

■>  250  ' 

Threshold 

0  rmt 

001 

Acceleration  limit 

9 

>  1  000 

Amptitode  linearity 

% 

.  05  . 

Reference  voltage  sensitivity 

r 

■S  (lOOHj.  24'IC.  >  10?) 

mV/ff 

b 

H 

o 

Resonant  frequency  (nom  mtd. 

kHz 

40 

Frequency  resoonse.  s  1%  ( :  2%) 

kHz 

,  3(4) 

Transverse  sensitivity  >§  100  Hz 

%  : 

S2 

Operating  temperature  range 

“C 

-  18  to  66 

Temperature  sensitivity  shift 

%/'’c  : 

0.04 

Mass  loading  error  2  kHz  ,,  1.’^ 

•  W-.  .  »  /-V  j 

(from  5  to  loop)  . _ _ '  “ 

%  , 

05 

Output  voltage.  FS 

V 

>  2.5 

SuDdy  voltage 

VAC 

.  ”5 

Weight  of  transducer  - 

Q  ■ 

r  65  yr-' 

162  - 

.♦  ’  ^ 

Piezotron  - 
accelerometers 


3.m«fn<on«  (  I  9n  mm 


TyO« 

Pormefiv.  Tyo* 
Properties 


Teennical  data 


e  Same  as  ' . 
8620  except 
top  connector 


8620 


e  Miniature,  welded 
construction 
•  Top  connector  *- 
e  Stud  mounting 


8642AS 
‘  8642A10 


!•  Small  size  ' 
*  •  Rugged,  iignt 
I  titanium  housing 
•  inteoral  mounting 

'AS  A10  ' 


! 8642A50 
[ 8642A100 


•  Sam*  as  ‘ 
8642A5 


ASO  ~  ~  A 100 


8676K 
|819K 

I  •  Rugged  design 
I  *  Low  oase 
I  strain  sensitivity 
I  *  Low  mass  loading 
I  *  Ground-isolated 


Acceleration  range 

9 

=  5000  *  10000 

*  50000  -  50000 

1  -  -  to  100000 

=  250- 

Threshold 

gtm% 

0.01 

0.Q1 

at  02 

’l.O  2.0 

0.01 

Acceleration  itmir 

9 

=  2000  j 

=  2000  ' 

=  20000  =  50000  . 

-50000  -SO 000 
to  100 000  tot  10  OCX) 

*  50Q 

Sensitivity 

mV/j 

t  -.V.  0.5  , 

0.1  0.05 

10  =  2% 

Resonant  frequency 

...  I-  .*•  1 

; 

(mounted) 

kHz 

50  — --  t;  . 

'65  •-•r-t.L  I 

-  ■  70  --  ■  ' 

--  70 

'40 

Frequency  range  (=  5%) 

Hz 

1  to  10000  1 

1  to  12000  I 

o.2Stoaooo  1 

0.25  to  8000 

0.5  to  5000 

Transverse  sensitivity 

% 

fiS  ' 

S5 

SS  ; 

'  "'isS 

S2 

Oocrating  temperature 

-  • 

' 

... 

^ange 

Temperature  coefficient 

OC 

-55  to  120  j 

-  55  to  120 

-  55  to  120 

-  55  to  120 

-  20  to  65 

of  sensitivity 

%/‘’C 

-0  06 

-0.06 

-0.06 

.  -0.06 

-0.02 

SuODiy  current 

mA 

4  (constant) 

4  (constant) 

4  (constant) 

4  (constant) 

4  (constant) 

Suooiy  voltage 

V 

20  to  30 

20  to  30 

20  to  30 

-  20  to  30 

20  to  30 

Output  impedance 

n 

<  too 

<  100  '  •:  . 

<  too 

<  100 

<  100 

Output  0>as 

V 

11 

i"  ^  ■ 

u 

'1 

Ground  isolation 

no 

hO 

no 

,y« 

Weight 

9 

3.5 

3.5 

7S 

7.5 

65 

Data  Sheet 

8  8624  •  ■  . 

8  8626  :  '  ’ 

88642 

88642 

8.8676 

Typical  applications 

*  Same  as 

8620 

) 

*  Sam*  as 

8620 

•  High  amplitude 
shock  measurements, 
metat  impacting, 
closed  pomps,  and 
explosive  forming 

•  Same  as 

8642A5 

•  Field  calibration 
of  accelerometers 

Accelerometer 
calibration  - 
systems  “  ' 


8002K/5020*  .  . 

A  system  featuring 
unique  stability,  linear¬ 
ity.  and  repeatability 
of  quanz  crystal 
accelerometer  and 
charge  amplifier.  Used 
primarily  as  laboratory 


reference  standard. 
Proyides  constant 
10  mV/j  sensitivity 
from  10  to  10.000  Hr 
(=  1%)  over  a  wide 
amplitude  range. 

’Pormerty  808K1/561T 


8076K/5020' 

Kistler's  most'  accurate 
and  repeatable  labora¬ 
tory  vibration  stand¬ 
ard  for  back-to-back 
calibration  of  acceler¬ 
ometers.  Incorporates 
5020  frequency- 


compensated  charge 
amplifier  Provides 
constant  10  mV/g 
sensitivity  from  10  to 
10,000  Hz  (=1%) 
over  a  wide  amplitude 
range. 

'Formerly  809K/56IT 


Technical  data; 

8002K/ 

5020 

8076K/ 

5020 

i.  •  .ie-T  *  r  • s'-Vis*  «  * 

.  «  .neN  -  .  rdf  * 

f  ‘-Vk 

Accelerativ  range 

g 

=:  250 

=  250 

Threshold 

g  mu 

0  02 

001 

Acceleration  limit 

Q 

r  1  000 

=  vooo 

Amplitude  lineariry 

% 

05 

05 

Reference  voltage  sensitivity 

-  ■ 

, 

S  (100  Hz.  24°C.  :  lOgI 

mV/g 

10  =  0  01 

10  =  02 

Resonant  frequency  (nom  ).  mtd. 

kHz 

40 

40 

Frequency  response.  ^1% 

kHz 

10  to  10.000 

10 

Transverse  sensmviiy  100  Hz 

%  . 

,  S  1  0 

[  S20 

Operating  temperature  range 

“C 

-  1  to  55 

[  -  18  to  66 

Temperature  sensitivity  shift 

%/'’C 

0  04 

1  r  04  .. 

Mass  loading  error  <$  2  kHz 

ffrom  5  to  lOOg)  Vi. 

%  : 

[05 

Outout  voltage.  FS  ^  ’• 

V  *; 

N  25  ,  ■ 

[  =  25 

.,T  Suooiy  voltage  -  *  . 

VAC 

115 

115 

16^**^*^*  of  transducer 

0 

65  —  ■ 

j 


I 


A  prteision.  3-uis  inartial  refaranc*  systam 
that  providaa  continuoui  maasuramanta  on 
tha  dynamic  parformanca  ot  almost  any  va- 
hiela,  including  position  and  rata  outputs  lor 
pitch,  roll,  and  yaw,  as  wall  as  thraa  asas  of 
linaar  accalaration.  Tha  systam  comas  com- 
plata  with  calibration  data  and  is  compatibla 
for  usa  with  naarly  all  taiamataring  and  ra- 
carding  aquipmant.  Tha  Modal  CF32  Tast  Unit 
raquiras  28  VOC  powar  input  and  usas  4.S 
amps  in  oparation.  All  powar  ragulation  and 
signal  conditioning  is  provided  within  tha 
pacaaga. 

SPECIFICATIONS 

Powar  Input  2S-28.S  VOC  (Raf.  MIL-STO-704A 
Equip.  Cat.  A") 
4.S  Amp  Running,  S.0  Starting 
Power  to  Caga  Oiractional 

Gyre  Pickoff  . 28  VOC,  2.0  Amp 

Pulse  O.b  Amp  Hold 
VERTICAL  REFERENCE  (pitch  and  roll) 

Pitch .  £  85  Oagraas 

Roll  .  380  Oagraas 

Elactr  cal  Outputs  from 
Siia  II  Synchro  3-Wira  Output  11.5  V 

Accuracy  . 0.1  Oagrae  Raferanca  to 

True  Vertical 

AZIMUTH  REFERENCE  (yaw) 

Yaw  380  Oagraas 

Electrical  Outputs  from 
Site  t1  Synchro  3-Wira  Output  11.6  V 


Accuracy  0.1  Degree 

Yaw  Drift  Less  than  0.1  Degree/ Min. 

Yaw  caging  system  locks  gyro  pick  off  in 
tero  position. 

Spin  aiis  of  yaw  gyro  erects  to  horizontal  for 
continuous  oparation,  non.tumbiing. 

PITCH,  ROLL  AND  YAW  RATE  OUTPUTS 
Rata  Range  £40  Oegreas/Second  (Min.) 

Oatactabla  rata  .  0.01°/Sec. 

Output  .  £5.0  VOC 

Accuracy  0.5%  at  Null,  1.0%  at  Full  Rate 
Damping  0.7  Nominal 

Natural  Frequency  More  than  23  Hz 

VERTICAL  FORE-AFT  AND  LATERAL 
ACCELERATION  OUTPUTS 
Acceleration  Range  £  5  G 

Output  £  5.0  VOC 

Accuracy  Null  0.1%  of  Full  Range 

to  0.2%  at  Full  Scale 
Natural  Frequency  Mora  than  130  Hz 
Damping  (Electrical)  0.4  to  0.7 

ENVIRONMENTAL  CONDITIONS 
NOTE:  Rata  and  acceleration  outputs  for 
nominal  100  K  load 

Temperature  -30'F  to  *165'F 

Vibration  2  G  from  20  to  33  Hz:  0.036  DA 
from  33  to  52  Hz: 
5  G  from  52  to  500  HZ. 
(Ref.  MIL-STD-810B  Curve  514.1M) 
Shock  50  G.  11  £l  Millisecond 

Case  Seal  Pressure  Tight.  Altitude 

0  to  30.000  Ft. 
35  Lbs. 


Weight 


Honeywell 


SPECIFfCATIOIMS 


were 

confident. 


...H-478F 
makes  the 
difference 


H-473F 

S.2e: 

Volume; 

Weight; 

Power; 

Body  Rate  Capability; 
Acceleration  Range; 


4.1  X  4.5  X  12.3 
232  cu.  in. 

7.7  Ibt. 

35  watts  (operating)  28vdc 
+  220°/sec  all  axis 
+  25  g's  all  axis 


Honeywell  GG1111  Gyroscopes  (1(7) 

G-lnsensitive  Bias  Stability  2.7  Deg/Hr  |6  Months) 
G-Sensitive  Drift  2.3  Deg/Hr/G  (6  Months) 

Scale  Factor  Stability  300  PPM  (6  Months) 

Sundstrand  Q-Flex  Accelerometers  (la) 

Bias  Stability  300  pg  (6  Months) 

Scale  Factor  Stability  300  PPM  (6  Months) 

Scale  Factor  Linearity  300  PPM  to  25g 

H-478F  Scaling  —  All  Axis 

Scaling  can  be  tailored  to  your  specific  application. 


Acceleration 

Angie 


Max.  Pulse  Rate 

12800  PPS 
12800  PPS 


0.0625  Ft/Sec/Pulse 
62  Arc  Sec/Pulse 


8MV/Ft/Sec/Sec 

30MV/Deg/Sec 


Performance  Variables 


Alternate  sensors  with  improved  stability  or  dynamic  input  range  can 
be  substituted  directly  without  device  change. 


For  more  detailed  information,  contact... 

YOCR  yEARfST  IIO\£YWELl.  REFRtSE.\T.ATtl  E 
...or  write  directlv  to.' 


Honeywell 

AViONreS  DIVISION 

Marketing  Deoartment 
n350  U  S.  HIGHWAY  19 

ST  pereRSBuRG.  Florida  33733 
Phone  813/531  4611 
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3r9-i<'i: 
P'lnieo  .n  U  s  A 
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'SW. 


Booenos 
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t^' 


i's'l'f 


-VrT^V- 


Land  vehicis  strapdown  inertial  crieniation  and 
positioning  system  , _ , 


•  MuUi-funciion  output  capaDdity 

-  Pull  attitude 

—  S-oiinensional  angular  rate 

—  3-ciirnensionai  position 

9  Azimutn  seif  align  to  1  0  mil:  verticalitv  to 
0.5  mils 

•  Azimutn  drift  rate  0.7  mil,  hr  Pounced  ro  3  mils 
maximum 

0  Horizc*"  3l  and  vertical  position  to  0  25'”/  of  dis¬ 
tance  traveiea  i  .vith  or  without  odometer  aiOing) 

•  P  ten.  .'Oil  azimuth  angular  rate  data  0.C01  to 
100  degrees  per  second  for  qun  stapu  zation 

•  Non  ommaoie.  secure,  seif  contained 

•  hign  reiiaoiiitv,  full  seif-*est  iBlTE} 

•  Ruggeo  construction  for  narsh  land  vehicle 
environment 

•  Small  Size.  'C'.v  oower,  raoid  nstaiiation 

•  F  eiC  proven  >n  rracx  ana  .vneei  venicies 


SPECIFICATION 

Position  and  Navigation  (Odomtter  damom^. 
as  a  '•  of  distancs  travelled! 

«  Northing  0  TS'^i 

•  Ejstmg  0.25’t» 

•  /Mtitgoe  0.25®t»  trOM  man  j 

Cun  oomtinq  Accuracy 

«  initial  azimutn  alignment.  Ii7<1  0  mu 

•  elevation  t  itT  I  0  5  mu 

t  Afimuih  Ortft  rate  1 1 CT )  0.7  mil  nr 

iBounoed  azimuth  errori  (  3  0  mu  ma* 
Angular  Rate  Measurement,  tor  gun 
stabilization 

•  \*ljwimum  dehection  ar>d 

elevation  qun  jiew  rate  tCO'^  iec 

•  -^ccuracv  0  001'  sec 


m  UTTCN 

GUlCANCE  iCCNfOOL  SXSTCMS 


Inertial  Reference/  Navigation  Subsystem 


FEATURES 

•  Inerti3l  reference  unit  from  Litton  LR  80  family 
of  straodown  tecnnology  lAAH,  "Sgt  Yqi'<  " 

DIV  ADS  eouipmentl 

«  Oefigneo  for  various  Army  land  vehicles  iM  lOO. 
self'drooelled  howitzer.  Jeep) 

•  Multi-function  capability  —  pointing,  positioning, 
rate  stabilization 

•  Operates  worldwide  in  ±75°  latitude 

•  Meets  full  U.S.  Army  specifications 

•  Reliability/Maintainability 

•  MTBF  >2000  hours 

•  MTTR  <  30  minutes 

■  Suilt-in  test  -  95’i  detected,  9S“-j  isolate  to 
SRU 

•  Automatic  self-calibration 

•  No  on-board  test  eauipment  reouired 

■  RS  -122  digital  serial  output,  available  MIL  STD- 
1553.  RS232C,  AfllNC-575,or  customized 
as  reouired 


REACTIOM  TIME 

•  Realignment 

Interval  between  alignments 
Time  to  realign  to  full 
accuracy 

•  Initial  Alignment 

Warmup  time  -540 
Alignment  time 
■  Stored  Heading  Mode 
Total  time  from  30C 
Azimuth  accuracy  1 1  a  I 
Elevation  accuracy  lid) 


<  3  hours 

<  3-5  minutes 

<  7  minutes 

<  10  minutes 

<  5  minutes 
2.0  mils 
2.0  mils 


Free  Inertial  Navigation  (No  odometer  input) 

•  Time  interval  between  stops  to  *  5  minutes 
meet  full  positional  accuracy 

Power  Requirements 

•  24  VOC.  (14v  to  40  vdc)  82  watts  nominal 

450  watts  initial  warm-up 

•  MIL  STD-1275  compatible 


Cooling 

•  Ambient  air 

Physical  Characteristics 


Unit 

Size 

Weight 

L  W 

H 

IRU 

14  5’'  x8.5" 

X 

a  4" 

23  lbs 

OCU 

10. 2”  X  6  5" 

X 

2  8" 

9  lbs 

0/ACU 

7.0"  X  e.o” 

X 

2,5" 

4  lbs 

60U 

8. 3'-  X  5.4" 

X 

3,C" 

3  lbs 

OTU 

6.6"  X  5.4" 

X 

3.8" 

3  lbs 

Environmental 

Temperature 

Humidity 

Immersion 

Shock 

Vibration 

EMI 


-50F  to  ♦125F 
lOO'i. 

3  feet  depth  for  2  hours 
M203  iSuoer  8  cnargei 
MIL-STD  310 
Method  514  2 
MIL  STD.461 


For  additional  information  call  (213)  715-3530  or  write  . 


Introduction  — 

High-speed  photography  has  been  a  primary  means  of 
acquiring  data  during  the  recording  of  special  events  for  well 
over  two  decades.  The  art  of  high  speed  photography  has 
progressed  to  the  point  where  framing  rates  are  regularly  used 
in  excess  of  ten  thousand  frames-per-second  while  still  main¬ 
taining  remarkable  ciantv  and  image  integrity  over  the  entire 
film  format.  There  have  aiso  been  maior  advances  m  digital 
electro-optical  imaging  systems  m  recent  times  However  the 
application  of  these  digital  imaging  systems  to  high-speed 
motion  IS  still  far  inferior  to  that  of  photograpnic  means.  A 
conservative  estimate  of  the  capabilities  of  high-speed 
photography  is  that  one  million  picture  elements  (pixeisl  can 
be  recoroed  per  one  35mm  film  frame.  At  one  thousano  frames- 


per-second.  one  billion  pixels  per  second  can  be  recorded  it 
has  been  estimated  that  digital  techniques  will  not  be  capable 
of  attaining  these  recording  rates  any  earlier  than  1990 

Many  scientific  and  technical  experiments  rely  heavily  on 
film  recording  because  of  the  permanence,  high  information 
content,  and  flexibility  m  terms  of  speed  of  the  film  medium  as 
well  as  Its  availability,  storage  capabilities,  and  ease  of  han¬ 
dling  of  large  quantities  of  data  as  it  relates  to  pixel  content 
Since  there  are  few  analytical  tools  ayaiiabie  for  automatic 
data  reduction,  manual  analysis  is  often  the  only  procedure 
used.  Manual  analysis  of  film  is  a  time-consuming  and  exoen- 
sive  process,  and  accurate  data  retrieval  is  difficult  resulting 
m  large  quantities  of  unreduced  data. 


Applications — 


The  Model  78-l  lends  itself  to  fully  automatic  film  reading 
jobs,  with  no  human  intervention,  where  specific  types  of  infor¬ 
mation  are  recorded  on  film  such  as  dot  matrices  or  aipna- 
numerics  plus  cooperatiye  shapes  which  might  include  a  dot. 
cross  or  quadradic  target. 

These  are  often  found  in  high-speed  instrumentation 
films  used  in  range  tracking  applications,  car  crash  studies. 


biomechanics  research,  the  medical  field,  plus  a  host  of  other 
categones.  With  non-cooperative  targets  the  Model  78-1  is 
very  fast  with  the  utilization  of  a  digitizing  tablet.  X-Y  target 
points  may  be  quickly  digitized  manually  while  other  informa¬ 
tion  such  as  dot  matrices  may  be  read  automatically 
The  digitizing  screen  also  allows  strip  charts,  graphs, 
illustrations,  etc.  to  be  digitized  direct  from  the  screen 


The  standard  7Aodei  73*1 


The  Model  78-1  consists  of  NAC  rear  proiection  case  and  Variations  might  include  video  display  terminal  and  disc, 

projection  head,  digitizing  tablet.  PCS  electronic  control  con-  Your  own  computer  and  peripheral  equipment  may  be  used 

sole  with  scan  converter,  computer,  teletype,  magnetic  tape  by  incorporating  our  smart  interface, 
recorder  and  software. 


A  comouier-controiiea  system  cJesigneo  specifically  tor 
the  analysis  of  oxtonai  data  would  be  the  ideal  tool  for  data 
extraction  and  reduction  Such  a  system  should  possess  high 
film  movement  accuracy  optics  capable  of  high  spatial  resolu¬ 
tion  and  the  flexibility  to  accept  different  film  sizes  and  for¬ 
mats  The  system  must  be  capable  of  accurately  and  reliably 
extracting  and  enhancing  pigitai  data  with  hign  'epeatabiiity 
over  a  wide  dynamic  range  at  sufficient  speed  to  be  cost 
effective.  Above  aii  since  the  system  wouio  not  necessarily 
always  be  used  for  the  same  function  it  must  be  iiexioie 
enough  to  hanoie  multiple  data  recoramg  formats  on  a 
customized  basis  Additional  ano  most  important  the  man/ 
machine  interface  must  be  proper  m  order  to  apply  human 


T^)e  dlectrcnic  control  console  — 

mccrcorates  me  ccnt.'ci  un*!  scan  conver'er  ana  computer 
witn  a  spec  ally  ces.gneo  n.gn-soeeo  interlace  board 
ano  power  supply  drawer 


instruction  when  targets  become  ouestionable  to  computers 

The  svstem  aescnbed  is  designated  the  WAC  PDS  Model 
78-1  automatic  him  reading  digital  analysis  system. 

Extensive  hours  of  research  development  ano  testing 
and  working  directly  with  users  of  this  eouipmert  nave  lead  to 
the  geherai  conclusion  that  this  system  m  automatic  mode  s 
approximately  ten  times  faster  ana  seven  times  more  accurate 
than  existing  manual  systems. 


TJto  cfinitisinri  camern  — 

mounted  to  pack  of  oroiectipn  case  consists  of  an  mace 
dissector  t.oe  oenection  yoke  eiectromcs  moouie  anc  cc;  cs 


General  Specifications 


Projection  ease  (Model  MC*78>1 )  — 

screen;  re'  x  w  (3S5mm  ■  JSSntm)  coa:eo  ac.’y«c  su  :ao'e  for  use  <0 
'ooms  vwitn  mooeraie  oaCKgrogna  i>gming 
Cursor  oata  entry  (ttoatmg) 

raorerreso/ufKvi.-  The  aoscxuie  accuracy  oi  tr^e  system  s  rO  003'  ^eoeataoKity. 

staoi  .(vano  resoiuiion  are  OOr 
Outpua:  232-C  <EEe  438.  iSM  029.  3  nary  SCO 

Image  oositton  controls:  Knoos  lor  oos-t  ontng  >mage  on  screen  <ert  caiy  ana 
nor  jcntai-v 

S<ae;25a'W  31*0.  aS'H  (640*8l5x  lUOrrmi 
M»gm:22S  <DS  aoorox  (t02kg) 

Control  panel  (Projection  ease)  — 

ftjwier  CM-CFF  switen  (or  cower  suOD-v 
Film  advance  Oirecrion  swtienos:  Forward  ana  'eve'se 
‘*4uio*sre0  swttcfi:  Cnange*aver  sw.tcn  f'om  C  ne  moae  to  Au'a-steo  (mu;t  o>e 
(rame  aovancai  moae 

Cne  sosoiS  control  dial:  C>ne  sceeo  $  cont  nuous-y  var>aoie  t'cm  stoo-mot<on 
ro  imi  soeea 

‘*>iuio>srep''  frame  seiecnon  oisi:  Automat'C  t  rn  advance  at  arry  numoer  oi 
frames  ore-seiectea  irom  i  to  to  frames 
Uglit  infensiry  control  dial.'  vanao  e  from  Q  m  to  Fu  ' 

C^spray  Frame  count  x  and  v 

Frsno  count  Can  oe  manually  or  cemouter  c'ese* 

Ot^usor  mode  control. 

External-^  Allows  x-y  entry  from  externa'  sou'ce 

Pont—  Allows  X.y  e''*'v  »'0m  cusnout'Cn  on  CU'SO' 

Rate  1  —  Continuous  X-r  ent"/  sf'eam  wn  e  ousnou  'on 

s  contmuous'v  nea  ao^vn 

Rate  2 —  Cont  nuous  x-y  en*-/ s*'e3rfl  svn  e  ousnou”on 

is  momenfari'v  cec'essea  Ca'as'cos  -vnan 
ousnouiton  <s  oeo'^sea  sec3r*o  r  me 
Race  rntn-max — Soeea  oi  x>y  aata  oomts  ror  Ra  e  f  ana  Ra‘e  2 

Projection  head  (16nim)  (Model  PH'161 ) 

Fikn  caoaov  'emm  *  600  r  ASA  S*C  ®^22  3  22  '2  22  '09  22  '  ’0  i  cenorateo 
fwo  eages  or  one  eagei  2994-  o  :cn  or  jCOO'  z  -cn 
FUm  advance;  mooes  'orwaro  ano  'eve'se 

(1)  Vofor'ieo  vanao  e  sceeo  mo*  on  o  jt.'e  '.oe  ac.ance  -cm  aoc'c*'ma;e'v 
1  *3  32  ‘08  Corno;ete '  cxer-i'ee  O'Ciect  cn  a'  a  :  -e  sceecs 

(2)  Vofonaeo  tree  seecfon  ot  ('ame  ngmoer  ce  .’.een  ’•  ‘0  -ames  w  -n 
'eg  st'ation  oy  oin 

Ffsms  counter*  e  ectricai  outoui 
iii\jmintiion:  300W  Haiogen  -amo  o  owe'-cco  eo 
Sae.  20'W  i3"0.  t0  6*H  (5i0x  330*2"0mmi 
vviefgnr3S'0s  aoorox  (I6xgi 

Projecfron  aoeraim:  0  582'  x  0  322*  ;  ‘A  6 ' 3  2mmi  -ce'tu'e  cc'.e's  'ne 
v-ewmg  ot  tiim  eage 

Rsmno:  r*  gn  soeeo  'ew'po  moce  o'ovaea 

Magni/rcaiion.  Nommaiiy  20X  <  ncuces  «  ew  ng  w  otn  of  '  m) 

Projection  head  (SSmm)  (Model  PH'3S1 )  — 

Film  caoec/ty.'  3Smm  *  4Q0  ft  ASA  S”0  ^^“22  (  22  35  22  93  cer'O'a'ea  iwo 
eoges  isroifcn 

FHm  advance:  Two  mooes  forwara  ana  'e/e'se 

(1)  Mofonaea  vanaoie  soeeo  mot  on  o  cture  ‘vce  aovance  *'cm  acc-  ;*  matey 
1  *0  32  (QS  Comoiete  ti'CHer  ''ee  c'Oiect  cn  a:  3  c  ne  sceaos 

(2)  Moicr  zeo  free  select  on  ot  I'ame  ngmee'  cetween  '  ‘0  ’'afT-es  witn 
'eg  strat  on  ov  O'n 

Frame  counter:  E  ect'  cai  cutout 
tiiuminaiion:  300W  ►•a'ogen  amo  o  C  Ae'  CCC  eo 
S»ae  20  3^  ^3'0  ’5  4>-  520  *  330  »  390mmi 
Weignr  iS  Ds  aoorox  <20  ><0) 

projecnon  eoerrure:  f  248"  "  0  9Q5'  t3t  "m-n  »  23.'*'ri  Ace"u'e  covers  're 
<  ew  '»q  of '  m  eoge 

Pew«nd  ^  gn-soeeo  'ew.nc  'r'ooe  c'c.  ceo 
Maqmticsoon  Nom>nai.y  'Ox 


i-ec  •  C  (jr^^  tv,C.*CI  'O  C" -q:  c6 


Projection  head  (TOmm)  (Model  PH'701)  — 

fUm  cMpsaty:  70mm  x  i  OOO  fr  avatiao<e  -n  fyoe  i  or  if  oertorat  on  ipertcra:ea 
2  eoges) 

Film  advance:  Two  mooes  forwaro  ano  reverse 

(1)  Motonaeo  vanaoie  soeeo  motion  o'cture  tyoe  advance  from  i-5  fos 

(2)  Motonzeo  free  seecnon  ot  frame  numoer  oeiween  i  •  lO  frames  w<in  o  n 
registration 

Frame  counmr  Electrical  output 

/Hummstfon:  30OW  Haioqen  amo  Oiovy^f-cooiea 

S/e;22  8"W  14  2T3  21  25'H ‘580  x  360  *  540mm) 

MMgnr.  H)t  IDs  aoorox  (4S  xg) 

Prorect/on  aoemim;  2  283“  *2  267*  ‘58  x  576mmi  Aoerture  cove's  tne  v  ew-ng 
of  turn  eoge 

Rewind,  r-.gn-soeeo  rewmo  mooe  orovioeo 
MsgmlfCStion:  Nominany  J  4X 

Digitizing  camera  — 

Optics:  NiKitor  tocai  lengtn  oeoenos  on  t>im  size 

Lens  mount;  Ruggeoizeo  Dayonet  mount  tor  Nixon  F  stanoaro  ens 

Pfioto  tuoo:  image  dissector  2  2S  >ncn  oiameter  witn  i  mu  aoerture  stanoaro 

Spectra/ rewonse:  S-20  Stanoaro.  S-1  S-H  ano  S-2S  avanaoie 

Photocstnoas  sonsitiv  area;  i  S  men  oiameter 

(mage  dissaew  output  umtormitv:  r  iSS  Over  eitective  area  of  i  nen  a  ameter 
image  o<ssector  output  umiormity  vs  X'Y  cooromates  can  oe  emo>r  cai  y 
determined  ano  oe  suoQi>eo  as  miormation  tor  computer  correction 
tecnnioues 

Imago  re iolution:  lOOOx  1000  DOmi  matrix  lor  i  x  i  men  ettectwe  catnooe 
sensit  ve  area  witn  a  i  mii  aperture 
X-Yaxis  orthogonality:  Less  man  s  /; 

Dimons  ons:  13V6'L  5H"W.  6A'«  H 
vWergm.  16  lbs  approx  (726  Hg) 

Electronic  control  console  » 

CONTROL  UNIT 

Oofioction  rosoiution:  i2-D<t  oig'tat  to  anaiog  conversion  (0  02SS  s  w  Oit) 
stanoaro  (4906  X  4096  stepping  increments) 

Ooftoction  fineamy:  =0  5%  over  effective  carnoae  area  stanaa'a 
Gray  sca/e  raspiution:  d-bit  anaiog  to  oignai  <256  eve<S) 
flasrer  icanm/»g  rate.  i  i'ame- sec 
Oigjw/r^  rare.-  teemouter  or  mangai'v  contro  feo) 

Seoue'^tiai—  fOOO  000  oomts  sec 
Ranoom— aOOOOoomts  sec 
integratmg  rate— 4  'ates  stanoaro 
Ooofatmg  mopos:  Focus,  manual  or  compuier  mooe 
Video  amptihor.  Lmearor  'oganinmic 

Video  rnresno/d  sotoctor  Comouier  Mooe  — 8-D't  oigitai  to  ana  eg  converge' 
Manual  Mooe— 0  'o  lO  vOC  Vioeo  Selector  — .Vhite  or  Diacx 
imago  Pissoctor  protoction-  «  orotec:  on  circuit  5  orov-ceo  '0  'urn  ctf  me  n  on 
voltage  automai'caiiy  wnen  an  excessive  onotocatnooe  cur.'ent  s  oetecteo 

SCAN  CONVER'TER 

Gray  scares.  7  sr  ^  jes  of  grav 

Oor  wmrmg  speed  500  nanoseconds 

2oorn  Magnihcation  of  se'ecteo  areas 

Read  vrdeo;  Stanoaro  compos'fe  viooo  oor  £iA  Soecr'cat  ons  RS-380  or 
«S  343 

Video  oufout:  oos'i've  or  negative 

Oiso/av  f'y  monitor  9-ncn  o'aoonat  muiiio'e  'emote  o-so’av  '•v-in  arge  sc'een 
Tv  '-lon.iors  are  oossio-e  <529  to  ’029  nes) 

Ooeraung  modes.  Focus,  manual  ccmouier  suoef  mooseo  anoq'jonc 
moO'JS 

OfGtTAL  PROCESSOR 

VinKomputer  Nova  4X  (stanoaro).  ’2  Oil  o  g'tai  to  analog  oei  ect  cn  'eso  u'  cn 
at  0  5’*  .ioearitv 

intorface  board'  "^OS  hign-soeeo  Doaro 
Video  grjy  scafe.  6  bit  anaiog  ro  oiq-tai 

Oigiti/ing  ratos:  UO  to  ’00  Kl-z  norma'  nc:uO'nq  .mear  or  oqaritnm  c  v.aeo 
ampi  iicai-on  ano  naroware  tnfesno'Omq 

standard  Model  78'1  system  — 

Power  reouirements'  "5vAC  -  50  60r'k’  ’2CC  -'.'l-s 

Operafirrg  romporatufo  nO  F  'a  80  F  '  'S'C  :o  27~'2i 
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Iniroductfon  — 

The  Photo-Sonics  Model  80  film  reading  system  is  a  total  lacil- 
iiy  caoaDie  of  reducing  and  digitizing  information  from  film  and 
converting  mat  data  into  a  digital  format,  suitable  for  input  to  a 
large  computer  center  for  further  processing. 

A  variety  of  film  reading  equipment  is  presently  being 
used  to  perform  the  basic  data  conversion  from  cmetheodOi- 
ites.  telescopes  and  fixed  cameras.  Some  have  been  fitted 
with  automatic  decoding  devices,  but  the  decision  of  the  spe¬ 
cific  target  is  stiii  left  to  the  operator  With  multiple  targets  in  the 
film  imagery,  and  with  manually  controlled  wire  cursors,  me 
Outputting  of  data  to  magnetic  tape  or  card  reader,  makes  film 
reading  a  very  tedious  process 


With  recent  developments  m  recording  coded  informa¬ 
tion  with  pictorial  data,  information  available  from  film  has 
increased  considerably  over  the  past  ten  years  In  addition 
the  wide  variety  of  formats  and  variations  m  codes,  oius  t.ne 
general  increase  of  work  load  with  existing  work  to'ce.  nec¬ 
essitated  a  new  look  into  the  optical  data  conversion  fie'd 
Photo-Somes  undertook  this  task  to  attempt  to  automate  me 
process  of  data  reduction  from  him  it  was  determined  tnat 
specific  types  ot  mlormation  suen  as  cooed  miormation  lEO 
or  aipna-numenc.  cooperative  targets,  and  Oistmct  'argets  o* 
reasonable  contrast  could  be  detected  ano  automaiicaiiv 
read.  Degraded  imagery  ano  non-coonerative  tarctets  can  -e 


.'.spiicstions — 

The  Model  80  lends  itself  to  automatic  film  reading  jobs  where 
specific  types  of  information  are  recorded  on  film,  such  as  dot 
matrices,  aipna-numencs  and  vernier  dials  plus  cooperative 
shapes  which  might  include  a  dot.  cross  or  quadratic  target 


;]ocisi  30 
3'josvstems 
Inciuce — 

1)  film  reader  console  wun  digitizer 
taoie.  control  oanei  cursor,  float¬ 
ing  keyooaro  and  aisotay.  foot 
switen,  X.  y  frame  LEO  display,  film 
transoort.  light  source  and  optics. 

2)  PCS  Digitizing  camera  ano  relay 
optics 

3)  e  ect'onic  control  console  with 
control  unit,  scan  converter  ano 
Nova  3  12  digital  orocessor 

.1)  Macrenc  tape  recorder 

5)  CRT  remote  display  termimal 

6)  CiSC. 

7)  Software 


■mk:. 


These  are  often  found  m  high-speed  instrumentation  film 
used  in  range  tracking  applications,  car  crasn  studies,  oio- 
mecnanics  research,  the  medical  field  plus  a  host  of  oiner 
categories 


rJodel  30 
variacir  1  — 

includes  tr-e  addition  of  3  TTY  termi- 
na.  Illustration  aiso  snows  nroteciive 
dust  cover  'emoveo  f'om  vm.  "3ns- 
oor:  — ovement,  on  s‘oe  oi  ‘  m  reader 
console  providing  ouick  ano  easy 
access 


I 


41- 


^#'T’ 
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Controls  lor  cnangmg  maoniiicaiion  ana 
imensiiy  are  convenient  y  ocatea  ai 
operator  level  on  tne  oroieciion  nousmg 
Local  tilm  transcor:  ccn-ois  tor  oaoing 
the  liim  are  'Oca'ea  near  ’ne  fum  move¬ 
ment,  An  eaicto-reao  m  inreaaing 
diagram  orovices  insiruciions  tor  me 
many  ways  litm  can  ce  viOuno 


. . .  V<  *«*! 5  V 


•!4Crr:m  .'ilm 
iransport  — 

A  soeciai  MOmm  Mm  transoort  can  pe 
orovioed  .vnicn  slides  mio  oosii'on 
easily  Oy  me  ooerator  Fum  advance  is 
done  '"anuaiiy  Cv  me  operator 
This  transoort  holds  aODroximaieiy 
25  teet  ol  turn 


System  operation 


VViin  me  comouttr  se-activateo.  some  controls  are  avaiiaoie  lor  set-uo  cnecKoui 
a?x3  for  orevie'^flng  a  roii  of  f»<m  F'lm  motion  is  rnanuaiiy  controiiea  with  tne  soeeo 
ano  Oireaion  oemg  varied  Dv  corresoonamg  knoos  ary]  swiicnes  locatea  on 
tne  ooerator  s  control  oanei  Some  of  tnese  controls  associated  with  film  loaomg 
are  Diaceo  on  an  aukmary  panel  near  tne  him  transport 

Unoer  comooter  comrot.  wnen  oeamg  with  non*coooeraiive  targets,  tne 
operator  measures  oesireo  oata  ooints  Oy  martuatiy  positioning  tne  nanoneid 
Cursor  ano  ceoressing  tne  record  oijtton  on  tne  cursor  or  a  foot  switcn  Tne 
cursor  wnicn  is  not  constrained  ov  any  guide  oars  aryj  wrxjseoniv  atiacnmeni 
to  me  digitizer  taoie  <s  a  iignt  fiexioie.  erectncai  conductor,  enaotes  tne  ooerator 
to  ireeiv  Slide  >1  n  anv  oirect’on  and  at  anv  soeeo  up  to  300  incnes  oer  second 
In  most  cases  me  lED  mainx  tioucais  ano  cmer  reference  targets  are  auto- 
maiicaiiv  ano  s<muitareousiv  reao  Sv  reaomg  tiouoai  marks  tne  accuracy  of 
me  rreasuremeni  <s  noi  aifecteo  oy  turn  transoori  inaccuracies  ano  Nim 
sprocxet  note  loierances 

System  specifications  — 


Reader  console — 

OPTICAL  SYSTEM 

MegniAcaeorts:  fOX  24X  42X 
PorMtnvzt:  'Omm  35mm  I6mm 
Light  Source.  T^ngsien-natocen  type 
Cooang.  Forced  air 
Screen.-  26“ « 26“ 

Aperture  mastrs:  2  eacn  for  t6  35  ano  70mm  turn  formats 

FILM  TYPE 

Anv  cerforateo  tvoe  from  tem*"  to  rOmm  Fum  mickneSS  from  0  0025“  fO 
0  CC56“ 

FILM  TRANSPORT 

Modes.  '3!'  forward  ano  'eve'seoi  •  C  r'e  •  "ewino  •  Smo'e  frame 
•  Mgii'Oie  'rame  mq  lO  •  v,..t.c  e  "ame  w<in  pause  0  2  to  5  seconds 
Pilm  speeds.  ’6  5  35mm  0  to  24  *0S  TC-^m  o  *0  ’0  fos 
Ff/m  movemenrs:  3  un.ts  suoc  eci  wttn  svstem  Cant>gurat'0n  as  oe'  customer  s 
OPt'On  1  "ese  can  oe  turn<sred  for  any  ee'’0rafeo '6mm  jjinm  and  TQmm 
turn  w>’n  standard  eitenoed  Or  soec  3' ace'tures  uQmm  noi  mcuceo  m 
siaroaro  ccnt'guraiion 

Film reg/srrar/on'  Vecnanicai  0  0015"  Not  aoci'cace  fo  i40mm 
Correcred  him  regrsrraw  s  wim  e'ectron-c  ca-merai 
3  22031“  'C'  'emm  •  m 
0  22255  ■ 35mm  ••  rn 
0  CCt28“  *cr  *0mm  r.im 
Frame  counw  -  99  999  'n  'eacer  conso-e 
V-ANGLC  MEASURING 
hJt^ans  5:'3  C''’  ana  Cu'sor 
flange.  360"  ^r  irn.reo 
Accuracy  sSf'S'  '"an  0  '* 

DIMENSIONS 
vWdtn  6T“ 

Oeprn  ’  3oor  c  earance 

He»gnf  35  ‘  "S'a  ieo  J5  ' -v.inoui  mirroi  suooort 

Weignf  'OCC  cs  "'ai^murn 
DIGITIZER  TABLE 

i3ig(fi/;ng  area  .  i '  •  29" 
frrecrive  area  25  »26" 

®eso/uf<on  .  ',Z'" 

Aeoearaoiwry  C0i“ 

AcCijract  =C  :Z2" 

Tracmg  speed  -20"  sccona 

Cursor  -••e-‘^Ov  ng  ivn.te  ooaoue  Wiin  oaraiiax-'ree  crossnan  u  COT"  ’  ne  worn 
f4  “  t  .’3  e^‘9'  i-v  c- 

Foot  n*''Ch  .5«o  as  an  a  temate  aa'a  cev.ee 

Electronic  digitizing  camera  — 

p»»oro  fuoe  -tdecssec’o-  ,  .*me-er  ^  m  o  COf"  ice"u'e  star^oaro 
Soact'ai '95oons0  5  20 
S€fivriv0  ar9a  '  i0“  t  a"*e’e' 

Sff9Ctiv9  area  ’  -U"  *  t  CO" 

OutOut  uni/ormttv  z'O*,  C -9'  9'’9C'‘49  -I'ea 

SrePC'ng  resofut'Ori  ^>.205  2  '2  C-"”!  o-e*  e*’ec’ ve  j'ea  OCCC25' 

'"a* 

Lens  Group  icr.f  cj' cr's  '.20'<  i  'CCx  3  552* 

-or  -  Sije  ’hrrm  jSmm  *Cr^m 

0<gtri/»ng  rare  ‘  0  200coir>ts  seccr*a '•i*  mum 
fl^recf/ort  -  .--fT’ai  c  '5*'  .O'taqe  ’orri  o”  at  e»cess.-e  c-'^erif  on  c''c'o 


When  oeaung  wiin  coooerative  targets  an  cooramate  oomis  are  automati¬ 
cally  entered  to  me  comouier  w-moui  operator  interference  thij  oce'aiion  anows 
me  reaomg  of  any  numcer  of  targets  ^eterence  oomis  or  fiaucais  ana  lEO 
matricies  fut.v  automat<ca«v  AodiLonaiiy  me  svsiem  can  read  different  size 
matrix  oiocks  wmen  may  oe  located  at  anv  oiace  wiinm  a  given  turn  trarre  ov 
mete*v  cavimo  uo  me  cctresooncmc  sOffwate  orogram  in  tms  mooe  a  conion 
of  me  progfam  >5  used  for  cnecking  aonormai  conaiiions  ano  aeiectinq  errors 
Snouio  an  aonormamv  or  error  oe  detected  me  system  wm  can  tor  oce'atcr  s 
mierveniicn  Tne  nature  Of  me  aonormanty  is  disoiaveo  on  a  monnor  anc  t^e 
ooerator  t'^en  can  aecice  wnemer  to  resume  automatic  reading  or  to  use  me 
Cursor  An  comrrun.cai‘Or^s  are  via  me  vDT  Programming  functions  are  oroviced 
wiin  me  svs-em  to  enaoie  me  ooeraiof  to  initialize  ana  control  an  system 
ocerat'ons  I'om  tne  nevcoaro 


Scan  converter  and  display  — 

Storage  Ame:  25  mmutes  mm<mum 
Gray  scates:  7  snaoes 
Zoom-  6X  magni^catton 

Monitor  Video.-  S'anoara  comoosi’  oer  eia  soecs  RS-330  or  flS-343 
•  Eurccear.  Stanoaro  CC.R62S  SO  a.a>iaDie  on  reouesti 
vfdeo  output:  Positive  or  negative  i625  mesi 
Oisoiaya:  diagonal  rnonitor 

Digital  processor — 

2>  Mim-compu/er-  Nova  series  to  oii  general  puroose  comouier  wiin 
uO  to  32k  01  word  memory 

Ooafating  system-  Oata  General  POOS  iwiin  disk)  or  SOS  iwiinoui  qishi 
intartaca  ooafos:  i  Fi.mreaoe'  mtertace 

2  O-gif'Zer '30'e  nter'ace 

3  E  ect'or  c  camera  n.gn  soeeo  interface 

These  ooaros  are  i5“«  tS”coaros  ano  nouseo  m  me  mam  frame  oi 
me  comouier 

Mag  tape:  .^5  >  o  s  9-cnanf’e‘  800  BPi 
Oata  format:  Odd  oaritv  iSM  -comoai'Ofe 
Ooerarmg  modes.  Data  cr^annef  ana  •nretruoi  nanoimg 
Mass  sroraga:  5  mega  ovie  f'»eo  movmg  neao  oisk 

Terminals — 

Hrgn  speed  re/arvoa  fermmaf  cOO  0PS 
Vfdeo  (Jisoiay  rermmat.  uo  to  9600  BPS 
Floating  kayOoarO:  i200  9?S  -wm  LED  O'SDiav 

Calibration  tools — 

A/  One  eacn  Myiar  catioration  target  tor  16  35  and  70mm  inm 
movement 

8)  Two  Mvfar  overlay  templates  tor  data  cock  trouoiesnoot  ng  on 
dig  ‘'zer  'aoie 

Ore  remoiate  w*in  customer  s  data  oiock  oattern 
One  o'ank  (additional  oaiiems  ooiionan 

Software  features — 

Targets:  Quadrant 

C.fCu'ar— dark  or  'iqht 
Cross  —  dark  or  '  gni 
Soeciai  t'duciai  matx  icrow  'eeii 
LEDs  vanao'e  coni.nu»ar'on 
Cce'3icr  de'ineo  *orm.ii 
P3'itv  cnecx 

p"st  jno  or  second  d'fferer'ce  c’'ecx 
Jiiter  search  so'iwaie 

Otaf  C*nemeodo»*ie azirr.ym  ano e'evai-orv'o  ; -jOi* 

Edge  tracing 

Graonics  plotting  (or  quick  aata  venticaiion 

General — 

Ooarsftng  tamoaratura  range  50*^ '0  ’00*^  ccrrouiet  -o  '> 

MaMimum  perm>$siO/e  lemoeraiufe  variation  t5’F 

System  total  sniooing  w9’gni  2500  Ds  -T^jzitngrn  iwiinou'  soijiion ’»  ms’cr 
're^SI 

Power  regurremertts  msv  aC  r  i0®>  f^OHz  r5*»  '  cnjse  mc.t'o 
220V  AC  rt0«>  50H»  ra’,  )  im  i^ec  -os-e-.- 
Fowar  consumotion  5CC0  w  ir?s 

Power  caores  '’t  -.wOC- ev  w.'n  p  ^cn i  or  corr-cond''' 

F'ugs  anq  oulws  'j  S  4‘j'’U  iro 'or  •  * 'C 

£--ocejn  s’anairo  ^2CV  aC 

Front  oantiis  i'tr'dato  w-.ie  mc*  'T'ourreo  All  Qiawe'S  u'O.  oeo  *  n 

i'.cc  eo  'cr  e  icn  suos,sie"' 

ISQiatrOn  Itansiorm^r  _Ace''de*'t  ^cor-  S  cewer  CC'‘  I  '  cn 

uy  - 


4': 


K>-UCC  2S2 
UNCLASSIFIED 


CONCEPTUAL  STUDY  OF  THE  LB/TS  (LARGE  BLAST/THERNAL  3/3 

SIHULATOR)  INSTRUNENTA. .  <U>  SVERDRUP  TECHNOLOGY  INC 
TULLAHONA  TN  R  F  STARR  ET  AL.  12  SEP  04  DNA-TR-e4-340 
DNA001-G3-C-0414  F/B  14/2  NL 


.DMMIUMI^.tOROn  __ 

i$Ih«~actfve'tmage  ama  o 
_  _  ,the  SMg00JWotlbr\/iJiaf/ay 

autofT^edKraqchM^'j^^tem  Is'iiJtTbunde^m^^ijppej.m^^ 

.ltie'’be^SvilnQ’bf  the  taC.^K  p^dlng  o  weolth  .^.  ^yre/eferegce^c^, 

’wSrcJrigrahd  the  'brinfbmf^aHoh  which  ..eosIV  eroseSTbr 

ploy^'bdciiTh'cohllriijoSi*^  ;.tec6rd^_c!h  the  tope  wither  ^0041  ,CAMIB^ 
''s(6w~ri%t(bh^cKrcdn  Qiia%»,  'the'Tmbae!*'fhcluded  iTo  ,1^ 
•chboA'ofwSltotr'JOS-'S^it  ‘wide  iartelybt  ^rahieters^  '•l^Dport'Wo'cann 
'MOOE^  playback  .  regordlng  the  Image'^J^  ^thVbptloncr 

.'dilbwin'g  stflo-dv-tf an '  fop^*-‘f®<4.?Pjop«rP\^B|fe  t^piero  mgy 

Mpldyl'Ancl.  theVeJj'd^^S  electronlc^k^  bodk*'^!^^^ 
angle-pc^fo’od^fvc®*^^^^  wcofd^  simultaneouay^  '^i^-buffop^i^ntrc 

'faotuffl  ^ “ 

mdnuarchbice  of 'specific^  Sso  messSgeJ  Ihdicaitng 

frames  for  sKict^The  JOG-"^  the  wtJrce’of  ^he'c&rfenr^  Jn^duoll^qr^£^ 
,^^06  ployback  an^Shgle-^'’  i^ge.'‘the‘stotus"of'tt;«^8  'sliTrultqnTOusJ^  q  v^S^___ 
•  picture' fevtew''fTOtufes'als6"  'recorder,  bnd  certoin  effort  ^^rtely’bf  fbrrhqfs^ou^an 
work  lti1ewerseT'iJs6_fhe__.^£  signals^»jich^as'_a^'^^C^J^;^  .'^en  fecbr^d.  stereo  - 
autOTploybcck  to  tS  sufo^^  JJnjQu^ niQn“Sp®^ 

you  hove  captured  the, before  loading  b  eq'ssette.**^  'onafysJs'approach 
right  Information;  iae'’the^^  ,lhe_SP2pCXDjysfetT>'KoYo'tily  ^  '.STANPABD  VIDEO 
■JOG-MODE  plo^dt  fb  %S.i  helprprevehf  mistakes.  It 'jS^be  vjdeq^p^pur 
■analyze' a  phenomenon'orf  ■'  even  tells  you  whofs  wrong.  ;  SP2C00  system  Is  fully 
the-spbirYou'can  eve'rv^g^ ;  PSHBRS^  ieSLeU  'cornpatibie,wl,tli  stai 


-Topes  mcype  sto 
Jutur©  referencex. 
,^sIV  wosecffor 


.per^secona  .yia,.aue  to.the 

unique  recording  format^ 

^fhe  SP20Q0  systerh'  fhe^^j^y^ 
recording  tim'e  of  12  000 
pictures  oer's^ond  is  oiso  45 


you  hove  captured  the,  before  loading  a^cossette^ 
right  Information;  iae'’the  ,lhe_SP20CXDjystetT>1ioYo'tilY^ 
•JOG-MODE  pla^dtf'b  %~>  helprprevehf  rhistakesjt;;5( 
analyze  a  phenometioh'bn  ^  even  tells  you  what's  wrong. 
the'spbt‘'Y0u'can  everv^^ '  IIW||WIMBp{v.'^feMyCW 
^ange  g  parameter,  rerun 
:_the' test,' and  compare'.S^ 

results  within  seconds.  ”  ■■■„^\ 

REEZE-FRAME  DISPLAY  "iisS?  S»  trTkX-y 


REEZE-FRAME  DISPUY  i-W' 
;.4.Use  of  g.dlgi  tal  .buffer_.-:^^^ 
'memory  perrriits  fiickerless. 
full  Intensity  pictures  tope'  ~ : 
dispibyed  indefinitely.'wlth  ^j 
the  tape  recorder  Inactive' ' 
This  allows  you  to  perforrh  a  , 
detailed  study  'of  an  Imag'e 
with  no  noise  bars  and  no  j 
tooe  wear. 

INTEGRAL  POSITION  RETICtf^ 

-l.Measurerhe'nf  of  exact 


Jig  P/  monitors  and  con 
;  trohsferf^'Srfecttl' 
“1  single^cgc 
iW  Betbrnox.'' 

’rl 

‘t  *  cbrrsfuby'^urpf.ol 
■  K *]  .ond” fi ridjq  wluHpn 
f  M  the'lm'ogeir  froifi’.th 
rrO,  ^ternjsntp j?  stem 
'’cbssbfte  Jirv^jjjcil 
rcojieaobelpr  re 
~  -•7^  'stbndord'vTdeo 
SSfciSi  recb'rberi'Hard-cc 


I  .'bi^puf  .moy-be  ■ 


DIRECT,  UVE  VIEWING  jlST.lr* 
■ '.  There  Is  rx)  guessing" at  ;■ 
proper  exposure,  framing, 
focus,  'or  lighting.  There'  are~' 
no  complicated  calcuiotiorss. 
Just  watch  the  live  results  on 
the  monitor  or  camera  video 
viewfinder  os  you  adjust  the  ^ 
controls.  Everyming  con, be  _  ■ 
set  for  perfect  results,  first _ . : 
time,  every  time,  '-i/. 
INSTANT-REPLAY  SLOW  ^ 
MOTION  , 

Push-button  controls  allow 
instanfoneous  slow  rrxstlon 


positional  change  Is  fast  ■‘•j-  EASY-TOUCH  CONTROL  Iflenerbte  pictorii 

^and  simple  using  the'^  S^iS  PANEL 
integral  cross-hairs  vinfh^^J$i'  )  J.U  takes'bniy 'd  few^'.-^j^^ 
numerical 'readout  of.X  grid  ^  rhrnutes  to  learn’ hgvTfo.we^  .^J^iP^OELthf. 
Yi.cbordlnafes.' Enabled  ot  Y  fhe  coritrols  on  the  SP2pop^  -lb® 
the  push  of  a  switch'.’ these  ^fem,  vvhich  ore  grouped^  slmUltorieously  v^tP 
Cross-hairs  may  be  quickly  .9hd  color-coded  by  .-ii^po®  *hi.9y0h Jh®^ 

positioned  over  the  subject'*  Kjnetibn.  A  high-reiicbility__'  —  ';digitah_npuf 
of  inferesf,  and  the  frome-  membrane  touen  panel  When  used  wi’tt\  opt 


positioned  over  the  subject 
of  inferesf,  and  the  frome- 
by-frame  change  in  pbsttion, 
occurdfely'iheasured. 

,  Velocity,  acceleration. 
growth  rote,  and  a  host  o'f  ^ 
•  siTuiar  properties  moy  be,!;’T 


gives  protection  agoinst 
dust  ond  liquids. 

EASY-IOAO  CASSETTE 
TTte, special  SPI  recording^.' 
tac’e'corries.in  easy-load  ' 


colculatea  using  this  handy  ;j  cossettes,  and  changing  Is 


feature  Instead  of  more 
expensive  special- purpe 
film  analysis  equipment. 


aimosf  as  fast  and  simple  os' 


Interface  'modules 
'.'bgfpuf,  of  .vafttS''’ 
,lnsfnjm.en1s';50ch_c. 

.  transducers  or  range 
may'  be  ^dredjtj^ 
forrhonb'be  redd 
video  Mteen'upbr 
motion  playback. ; 


,  fTT- 


l^tf,  ''democJu'!af^"'and  then"i^ 

,'dlQiffzed  for^5tbfage]j!^^2» 

'i^  ■jdiCifqt^bX'ff^.rn'er^oiy^n^ 

■Vi  'W  ^rQme'Sf'Vfifr^j7r'‘^^y 

^Toie'a'kTi^e  iQl^n'redj^' 
I  :‘^  •.tfr.SC.forfnctJo,  o  sfcndcrd^ 
I  J;  -■televis/on'mcni?of.’’ln’|reeze- 

Ag.iiip  pit^pgp*-  op® JiiyTiA- 

ij^:  be,stc'fg^nd'!^^SS^ 

•  -^  irepetitivei^'ecr^o'tlv^^^W- 

'fflobTtcVircn5?.h9^tiffer 


I.Me^niteiV 
I  ■  recofcJer ‘sice  pSy^^ 


'WE  CONTROLS \£SSS£^ 
- ; - -•“ ore  used  to.pfovfde^^^^^S. 

.  — .  .a  wfdojar.ge'^Sirrbiel^^ 

- -Cfefso^hrs'.ccH-id  ccr.frST^- 


'.yer^phrsVedted  cenfrerT^" 

.developeaJo_qilow.^^^. 
operaiion  of  frie's^’srn'.^-^. 


TNE  CAMERA  -,  '  fecnniGLO  for  ccfc  sfcroQe 

■-■  L'Sirg  o  sciid  rrc'e  vrdeo"  ■  These  defa  ore  ‘ed  in  turn  to 
senior  deveoped  at  KodcK '  the  recorder  with  a  sp’eciol ' 
ITesecrch  Loos,  're  ccm^a_^_  tim.r.g  ‘rack  to  keep  ail  the 
of  Te  SP2CCC  r.s'ern  i  a  .  signcis  'u:lv  svnehronijed- 
ur^cue  visuci  'eco.-C;ng  tool  THE  RECORDER 
The  secret  Of  its  rcredltie  'd  '--^The  SP2X0  systens  is '_'h''P; 
frer^  rg  ■o'e  s  ""e  cpiity  *0  Posed  cn  Tnecr  video- 
freriter  22  mes  ct  reccrding  techmoues' 

phcfcgrcpnic  dcTo  m  pcrc.iei  Patented  Sem  Physicj  7-' it- 
ct  'ctes  cccrocc-ing  'O'  rr.icrcgco  reccrc  rg  heeds 

pi«e  s  per  secchd  Jr.i  ke  „  ere  usee  'o  cc'  e-e  verv 

.  rr  ■  '  . 

r"C'0  cerver'"  pnoi  video-  high  ce’e  coci  rg  det'Sirv 
iccg -g '.oes  "'e  sensor  ct  ver/ -ign -eta 'rerster 
ct  ”-e  ir-ZZ-ZC  r.s'em  ''■  rotes  not  ochievcc  e  ^ith 
e>'"  0 's  “0  eg  'rus  er'Oirg  cui'ent  rc'c’.rg  "ecd 
fcre.er 'he  g’-rf  r'g  '  -  designs  >.15  c  icas  :w- 
prcc  h—  i.-g  '  snot  'ecerd  ng  of  c,.~cst '0* 

dcr- aged  Pv  cn  '  ■'np-;  •  pixeis  per  sen  no  ct  dc'c. 

O'.e- ;oc  ot  g-'  '  'c:-  - ^  S'  ct  0  dersih/ Over  5  x ‘0”  Cits 

SIGNAL  PROCESSING  per  SG>.C'0  r-cn  O-.e 

■he  ccto  p-ov  ced  cv  'he  -ecprce'  "c-scc-t  h  '.'^V- 


THE  RECORDER  rT'tr'tOni.'C^T.  modes  including  ccntinucur'  Contir^iKg'hrTTiwc:e'^"i®'V!'’ 
'■'•i.The  SP2X0  system’is slow' motion  pidvtcck  ancTtl  ^’deveicc'mentTot'^n^ifc^'^ 
Posed  on  Tnecr  video-  t^'n  freeze 'rcrfe.''''^^  xl,2^?  e'xp35c'‘od''o  expend  t^e^i 
reccrding  techhioues"  THE  TAPE  '  CoDpiicGf:q7^'p?tVii?es'^^| 

♦■am  ♦r'r’tTcCr'ir'  *  * 


-•'Sqjn  Physics,  ire  ^ 
mc'“ufcc*w'es  on 


^Jhe  SPJXJXr  sv^tem  fcr'y^i^'^ 


CutsTorc  rg  reccrc  ng  Tcp<3  TWE  DISPLAY 

jcintiv  deve  cced  with  '-The  SPC.uC  .  c'  on  ;-.  I 


ex' p/s  “0  eg  "•usenoing 
fcre.er 'he  g-rs' ng 
prop  e—  Png  '  snot 
dcr- aged  Pv  cn  '  - 

O'.e- ;oc  of  g-'  '  '•r-  - '.•  .<; 
SIGNAL  PROCESSING 
"he  ccto  P'Pv  ced  Cv  'he 
cc~e'c  ce  0  •er'ed  'con 
.  F’.'-n-pd.,  c'ec  '..grcl.  ‘hus 


KCCC.  Pet-e  >.IS 'cce 
exh.p.ts  c  '.gnol  'o-noise'  ^ 
rd'ic  u''matc''ed  n  the' 
incus'r,  end  t  provides  a  . 
pe/ec' mo'en  ter 'he  rV.;' 
hig''-de"5.hY  'ecc'C  -g  ‘  j  .' 
leou  rcdp',  'ho  ^PTIXO  "  ' 
svs'em  Peexeged  n  ^ 
cen.e- e-' ccs:e"os  t  ■ 

lA^T  I 

rrcr  ce  s^c’oo  ‘C' 
v'^ew’pg  •-'Vi: I 


rroz’^er  tm.  ,s  c  C'CC  s-cn 
Ccto  *cz*y  'occrcer.  n  a 


Arc  r's.s  nc’c'cci'o^os  ! 

a  IX-ncS'c  cor^'c:  ' 

sc'cen  cC  V-r"'ef  cC'.  0*^5 
pero  ;ef  fer  c 

rrcri*cf  ‘'Vc*?*' 
recc^cor  "ho  .'^v:'-  *:r  i 

retroc*s  TC^ixC'o'tc' 

eC7,  Vc''rr'‘:-:/c"  .:i  :*>: '::gV"' ' 

erd  S'O't^i^  Co “f**--*! 

.  "  A»  , 

•* ©'it''* ”0  z  -  w  '  •- •~'i  *.  f  on  < h  , 

,,  1  ,  ,,  i.r,p“  '• 


laVi' -^7?^  '  V  ';v 


's-t: 

-.■"■^'^.^*V''V'' 1*  ■;-.%=::  -t, 7 '■"  ■  ■'  .•■  -r ■■-•;- ■ '"-  v  - .:,  -  ■, :, 

IS5^igfe-Z:^nn  .  -  — :ii:-;-. 

jf*  If^  y  \  ■TT*-—  ..,  ‘-—JT"  ■""  '  r*:^  .  .  ■■■  — 


1^- 


isnBeaspi^^ 


leAnernenn 


-.V  J 


:o^vi 


IHSBGaW?E5«^j^K 

f^' B’ 


?N«iynSodt 

.SaiABIUTY/SERVICEABILnY  . 

r,ynd^o«,sl^ent_;_^;^^;: 
i^omdnpe'  ard  .refabiity  M 
Resting  'be^'  shipnrvwt^a^ 


RBigiBiiaf^Mjeife 


j^^pm«if^jovvs,e)rten^ 
to’b«.2Tode  prtei^  * 
j^emToiiowing  txjftvij^ 
'pw^urg/jpW^tbfe^^': 
■'d^gh'onS'fflrfeh^j^ 

:  ^te^oted  cu^'ts'^rmM^ 
yifOh^rsiiiabB^bpc*  t!«.-S 
Mt^'lKB  passed  Inittdf 


m 


coi^/e.'Tope  r^ard'ef 


compcnents  can  be 


reached  and  serviced 


m 


A  complete  system  to 
accurately  digitize  coordinate  information  in  successive 
fields  of  a  video  signal 


The  Videometncs/ZOO  Video  Analysis  System  is 
a  complete  stand  alone  system  which  allows  an 
operator  to  accurately  digitize  coordinate 
information  m  successive  fields  of  a  video  signal. 

The  VM-200  includes  a  video  disc  with  chroma 
processor  and  monitor  which  provides  viewing  and 
analyzing  video  in  real  time  or  under  operator 
controlled  field  step  ra'es. 

Additional  functions  allow  for  selection  of  two 
calibrated  overlay  patterns  (grid  and  dot  matrix) 
and  display  of  cursor  coordinates  and, or  field 
count  within  the  video  display  The  VM-200  also 
incorporates  a  video  decoder  for  the  display  and/or 
storage  of  timing  information  that  has  been 
previously  encoded  within  the  vertical  interval  of 

another  aovar^ced  voeo  oroduct  from 


the  incoming  video  signal.  The  decoded  message 
such  as  irig  time  or  field  i.d,  may  also  be  inserted 
into  the  video  display 

An  RS-232C  port  provides  for  the  transmission 
o*  the  digitized  coordinate  information  together 
with  field  count  and/or  decoded  data  to  an  external 
computer  for  further  processing.  All  functions  of 
the  VM-200  including  disc  are  controlled  by  single 
user  friendly  control  panel.  All  operator  prompts 
and  other  reference  data  are  inserted  into  me  video 
monitor  providing  a  single  focal  point  tor  the 
operator 
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OPERATION _ 

Th«  VM-200  raceivvt  a  siandard  RSiTO  or  NTSC  video  signal 
from  virtually  any  source  including  cameras,  scan  converters. 
VCR's  or  other  recording  system.  The  video  is  applied  to  the  disk 
and  recorded  while  being  presented  on  the  monitor  display 
Whan  the  recording  is  halted,  the  praceeding  ten  ( 10)  seconds' 
has  been  stored  and  is  available  lor  analysis.  Playback  rate  is 
controlled  by  a  "step  rata  '  slider  or  a  single  step  push  button  A 
Forwsrd/Raversa  switch  controls  the  step  direction  Two  cursors 
are  used  to  measure  points  oj  interest  within  me  displayed  field. 
One  IS  used  to  set  a  zero  ralcrence  and  the  other  establishes  the 
X.  Y  coordinate  relarrad  to  tna  ralsrerKe. 

Position  of  each  cursor  is  controlled  by  a  |0y  stick,  for  course 
sdiustment.  and  four  single  step  switches  for  fine  positioning 
Also  inserted  into  the  Oispiayed  video,  unoer  operator  command, 
are; 

1  Field  count 

2.  X  Y  cooroinate  values  lor  each  cursor 
1  Data  decoded  from  vertical  interval 
a.  Graphic  overlays,  i.s.  grid,  dot  matn« 

*20  second  storage  optional 

INSERTED  VIDEO  DATA  DISPLAY 


*=siiH  I,- 


CONTROL  PANEL 


All  data  inserted  into  the  Video  display  is  on  a  320  X  240  pi>el 
matnx.  Aiphanumsnc  characters  are  generated  on  a  S  X  7  dot 
matna  with  a  dot  equal  to  one  piael.  All  aipnanumenc  information 
IS  displayed  m  the  lower  left  corner  of  the  video  frame  The 
cursors  and  graphic  overlays  have  a  line  breadth  of  one  piiei 

VIOCO  INSERTION  MODE 

Th«  gcntrated  vidto  may  tt  muM  witfi  ma  amting  video  any 
one  of  three  ways  deoendmg  upon  the  position  o(  a  panei 
selector  switch; 

CONSTANT  LEVEL  WHITE 

In  this  method,  a  fixed  levei  is  ovenaid  on  the  existing  vtoeo  The 
added  video  amplitude  is.  therefore,  constant  and  unaffected  oy 
original  video.  The  techmoue  is  satisfactory  wn«n  tne  origmai 
video  is  of  generaity  constant  levei.  sucn  as  a  fiat  fieid  Dacxground 

BLACK 

The  generated  video  is  again  ovenaid  on  the  existing  video  out  in 
this  case  <n  tne  opposite  poianty  The  levei  is  not  aoiustaoie  as  in 
the  white. 


RELATIVE  WHITE 

This  IS  the  most  commonly  used  method  of  adding  me  generated 
video  )t  orovides  a  oieasing  display  over  a  wide  range  of  original 
video  iignt  leveis  A  levei  set  Dv  an  intensity  control  is  acded  to 
the  existing  levet  of  me  original  vioeo  and  me  added '  generated 
video  IS  tneretore  constant  This  heips  prevent  wasn  out  at  me 
high  light  ’eveis  and  assures  a  non>giaring  diSpiay  at  me  'ow 
levels  An  additional  feature  of  mis  mode  is  that  it  doesn  t  ooscure 
the  existing  video.  Features  will  show  through  me  ovenayed 
video 


CONTROLS  AND  INDICATORS 

POWER  GRAPHICS  CONTROL  (cont  ) 

SEND  Momentary  Push  Button  Cursor  8, 


DISK  CONTROL 
Record 
P'av 

FWO  SKWO 
Step  Rate 
Smgie  Step 
Reset 

graphics  CONTROL 
Cursor  A 

Open  C'Ose  Dot 
Cursor  9 

Cceri  C^ose-Oot 
Curser  A 

ON.OFP 


ON-OFF 
Ovenav  ON  CFP 
Ovenav  Gno  Oo:s 
CURSOR  CONTROL 
Remote  Local 
AiB 

Position 
display 
Moce 
intensify 
Cooroi'^ate 
Display 
F-eid  iD 
Decoder 


SPECIFICATIONS 

video  Input:  525-60  i  A  W  £>A  RSt^OorNTSC  t  voit  ceax  to 

peak  DiacK  negative  interlaced  2  t 

75*OHM  imoedance 

Oise  Bandwidth:  4  2MHz  ;3dP 

Field  Step  Rate:  Smgie  to  60  fieios  per  second 

Cursor  Position: 

Resolution:  320 pixels  nonzon’ai  '6-40  optionaii. 

240  Duels  (equal  (o  rasieri  vert'cany 

Inserted  Characters: 

Format:  5X7  dot  mairi*  3  o*xe'$  Detween 
characters  norizontany  t  D'«e'  iscan  i.nei  Between  cnaracter 
lines 

Graphic  Overlay  Formal: 

Grid:  Crossnatch  caite^n  witn  -ines  aocear-ng 
every  20  oixe'S  oom  nor'zonta'-'v  3'*3  .e^ticaiiv 

Dot:  Dot  matrix  with  dots  accearing  every  20  cneis 
horizontally  8r>0  vert»C3iW 
Interface:  RS232C  J6EE  463  GP'0  optional* 

CPU:  ZflOA 

Memory:  t6K  Dvtes  dynamic  RAM 
4K  Dvtes  EPOCM 
Power  Requirements:  itSAC  62hz 


SceC'*''3i'5''s  SuO  eci  is  "litice 

P^'nted  n  O  S  A  6  33 


etC'uS've 
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Model  5600  Biaxial  Displacement  Follower 


The  Moael  £600  Biaxial  Follower  pormiis  simuilaneous 
measurement  ot  target  motion  m  two  orthogonal  axes  Target 
orientation  and  tracxing  mode  is  front  oanei  seieclaoie,  allowing 
any  ol  the  tour  comers  of  a  rectangular  target  to  Oe  tracxed 
Single  axis  operation  m  either  axis  is  also  possible 

In  the  biaxial  mode  of  operation,  an  electronic  networx 
switches  me  tracking  axis  between  vertical  and  honzortal  at  a  50 
KHZ  rate  Hold  amplifiers  m  the  servo  loop  remember  me 
previous  target  position,  and  furnish  the  drive  for  me  aellection 
amplifiers  Separate  horizontal  and  vertical  data  amplifiers  drive 
separate  meters  and  provide  individual  signal  outputs. 

The  Model  5600  tracks  either  rectangular  or  circular  targets 
whoso  dimensions  can  oe  as  small  as  tO”'ii  of  the  fuH  scale 
measurement  range.  It  the  target  leaves  me  tieid  of  view  an 
automatic  searcn  ot  the  entire  field  takes  place  When  a  grocer 
target  enters  the  field  of  view,  the  image  is  captured  ana  tracked, 
and  output  signals  are  restored. 


?/lodel  5100  Single  Axis  Displacement  Follower 


The  Model  StOO  Single  Axis  Follower  features  simple 
operation  tor  measurement  aopiiColions  as  diverse  as  aendt  -g 
of  large  structures  to  runout,  vibration,  ultrasonic  motion,  and 
ballistic  motion  Angular  measurements  can  oe  made  by 
autocoilimator  targeting  techniques 

The  Obtical  head  can  be  rotated  to  align  the  measuring  axis 
with  the  target  movement,  while  the  target  phase  or  orientation 
IS  front  panel  selectable. 

The  5100  IS  complete  with  Ootron's  light  servo  circuitry  wmch 
monitors  target  illumination  changes  and  automatically  aoiusts 
the  electron  multiplier  gam  to  compensate  for  cnanges  m  image 
intensity.  This  feature  is  especially  useful  m  outdoor  applica¬ 
tions  Where  ambient  lighting  cannot  be  easily  controlled. 

The  5100  also  contains  differentiator  circuitry  to  provide 
analog  velocity  and  acceleration  outouts  m  addition  to 
displacement  data. 

Conventional  instrumentation  such  as  analog  or  digital 
oscilloscopes,  transient  recorders,  or  waveform  digitizers  can 
Oe  used  to  record  the  outputs  from  the  Model  5100. 


Model  5100X  Differential  Displacement 
Follower/Extensometer 


Tr»e  Mooei  5100X  is  essentially  two  single  axis  Oisoiacement 
followers  comoineo  m  one  convenient  instrument  This  svstem 
permits  simultaneous  disoiacemeni  measurement  of  two 
targets,  oroviamg  cf/ffe/’enna/  as  weil  as  inoivtouai  target 
displacement  outputs 

Tne  S^OOX.  having  extremely  high  treouency  response  fup  to 
200KHZ).  IS  especially  suited  to  measurement  of  materials 
suoiecteo  to  nign  stram  rate  testing,  either  at  amoient  or  nign  or 
low  temoeratures  it  is  empioveo  m  many  aopiicat'ons  tnvoivmg 
the  rapid  movement  Deiween  two  ooiects  or  targets 

The  5t00X  can  oe  sucpiied  wiin  two  mcividuai  coticai  neaas 
(as  snowni,  cermiiting  virtually  unlimited  seoaration  oetween 
targets,  or  the  5i00X  spiit  image  extensomeier  “'eaa  wnicn 
permits  differential  measurements  with  a  smgie  optical 
assemoiy 
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Key  Features  and 
Specifications 

5600 


Full  Scat* 

Measuremtnt  Ranges 

020*’  to  infinity,  depending 
on  lens 

Resolution 

To  00001".  depending  on  lens 

Measurement  Modes 

Biaxial  (x-y) 

Single  Axis  (x  Of  y)  | 

! 

Suiit'ln  Oiflerentiation 

1 

1 

Provides  Velocity/ Acceleration 
Outputs 

Frequency  Response 

Biaxial  OC-iOKHz 

Single  Axis  OC-SOKHz 

5100 


Full  Scale 

Measurement  Ranges 

020"  to  infinity,  depending 
on  lens 

Resoluliort 

To  00001"  depending  on  lens 

Measurement  Modes 

Single  Axis  (x  or  y|  j 

Light  Servo  Function 

Automatically  compensates 
'Of  target  iiiummation  variations 

Built'In  Oiffereniialion  1  P'Cvices  ve'OC;tv  Acceleration 

j  Outputs 

Frequency  Response  j  CC  •  SCKr-:,  Stanaara 

1  rSCKi-r  Cbiionai 

5100-X 


Full  Scai«  rrc  '  '0  nfin  :v  jece*':! 


Measuremenf  Ranges 

ens 

Resolution 

JCCC’’  Cecer^  Cine  C"  .gn^ 

Measurement  Modes 

C'"e'‘»n'i3i  .  SiP-  e  i,,s 

'Requires  dual  cct  cai  neaas 

Of  soift-'mage  eitenscmeter 
''eaoi 

Light  Servo  Function 

AutOmafiCailv 

'or  target  .iiuminaticn  vart.iitons 

Frequency  Response 

OC  ■  5CKHz  ,  Standard 

ZCCKHz  OctiG'^31 

I  Lenses  and  Full  Scale 
!  Measurement  Range 


The  tracKing  area  of  the  image  aisseclor  chotocaihooe.  over 
which  She  electron  image  IS  Oetlectea.  IS  150"  <  150"  3  75  x  3  73 
mm)  square.  Thus,  the  full  scale  measurement  range  or  fieio  of 
view  can  be  fixed  by  the  choice  of  a  lens  ana  extension  tube  that 
will  form  a  150"  square  image  of  the  aesirea  range  Lens  Charts 
provioea  with  each  instrument  permits  lens  selection  without 
calculation 

Diflbrent  applications  require  Oifferert  working  distances 
between  the  lens  ana  the  ooiect.  as  weii  as  oifferent  tun  scaie 
measurement  ranges  The  stanaara  lens  set  ana  extension  tubes 
I  suooiied  provioe  lull  scale  measurement  ranges  ‘rom  0  1  to 
infinity  with  convenient  worxing  Oisiances  lor  many  aooiications. 

'  Coiron  will  neio  you  aelenrune  the  lens  ana  configuration  gest 
tot  yout  aopt'caiion,  ano  wm  oesign  ano  Duiia  lensassemoi'es  to 
meet  specific  requirements. 


MEASUREMENT  RANGE  (tNCHES) 


5 


0 


Non-Contacting  Displacement  Followers 


REMOTE  MOTION  MEASUREMENT 

•  No  mechanical  loading  or  change  m  specimen  dynamics 

•  Measure  movement  of  soft  or  fragile  specimens 

•  Measure  inaccessible  obiects  from  a  distance 

•  Measure  from  outside  of  hostile  environments— not  cold, 
vacuum,  radioactive,  high  voltage,  corrosive  evpiosive 

•  Follow  very  small  movemenis  from  far  away 

METHOD  OF  OPERATION  PROVIDES 
VERSATILITY 

•  Simultaneous,  multiple  axis  measurements 

•  Differential  measurements 

•  Static  or  dynamic  measurements— dc  to  2Q0KHz 

•  Fixed  viewing  port  allows  continuous  observation 

•  Spectral  response  comparable  to  human  eye 

•  Real  lime  tracking  of  displacement,  velocity  and 
acceleration 

•  No  need  for  elaborate  laser,  strotje  or  collimated  lighting 

•  High  reso  ution  angular  measurements  readily 
implemented  by  autocoHimator  methods 

•  Can  eoiaca  high  speed  photography  py  eliminating  film 
processing  and  data  reduction 


CURRENT  APPLICATIONS  OF  OPTRON 
DISPLACEMENT  FOLLOV/ERS  INCLUDE: 

•  Valve  displacement  m  internal  comousnon  engines 

•  High  speed  motions  in  impact  character  printers 

•  Sending  and  Iivisimg  of  ship  hulls,  bridges  and  other 
structures 

•  Oynamc  resonance  .and  tracking  of  magnetic  neads  over 
hard  and  soft  disc  drives 

•  Motions  in  weapon  firing  mechanisms 

•  Relay  contact  bounce 

•  High  speed  camera  shutter  motion 

•  Turbine  blade  motion  through  excitation  and  operation 

•  Solid  rocket  propellant  burn  rates 

•  Displacement  vibration,  and  run-out  m  tools,  machinery, 
and  consumer  goods 

•  Biaxial  movement  of  laser  disc  optics 

•  Strain  and  fatigue  m  material  testing 

•  Pressure  burst  testing 

•  Power  transmission  ime  motion 

•  High  strain  rate  testing 


Theory  of  Operation 


Ootron  diSDiacement  followers  track  the  motion  of  a 
dtscontinuiiy  m  tne  image  formed  Ov  I'Cnt  reflected  from  or 
emitted  Dy  a  moving  ooiect  The  soectrai  resoonse  extends  from 
ultraviolet  to  near  infrared  The  discontinuity  may  oe  an  actual 
edge  of  the  ooiect  or  a  hail  dark  nail  light  largcf  attached  fo  or 
painted  on  tne  ooieci 

The  image  of  the  edge  or  target  is  focused  on  the  pnoio- 
catncde  of  an  imace  dissector  tuoe  m  me  coi'cai  head  ffig  i) 
Electrons  are  emuied  from  each  oomt  of  me  onotocamode  *n 
proportion  to  the  intensity  of  the  iigni  image  The  resulting 
electron  image  is  refocused  on  a  piate  containing  a  smaii 
aperture  Electrons  passing  tr^rougn  the  aoerture  constitute  a 
Signal  currtiit  orooortionai  to  the  intensity  at  thecorresconcmg 
po»nr  on  tne  original  ooticai  image  This  small  current  »s 
amplified  first  m  a  low  noise  electron  muitioiier  wunm  me  image 
dissector  tuoe.  and  further  Oy  sond  state  amon’icrs  m  the  controf 
unit 


The  amplified  signal  is  used  by  Ootron  s  oatentea  servo  looo 
to  keep  the  electron  image  of  the  target  discontinuity  centered 
on  me  dissector  aperture  As  me  ooticai  image  moves,  tne  servo 
contfOf  Changes  me  current  m  ocfi#»ctinq  cdis  so  mat  the 
electron  image  'S  reiurreo  to  -is  oriqinai  cosnion  Tr'e  deflection 
Current  recuired  to  recenior  me  image  'S  a  measure  of  target 
d-spiacemeni 

The  dissector  aperture 'S  a  small,  centrally  located  hole.  Thus 
the  oodcaf  head  may  be  rotated  so  mat  the  direction  of 
deflection  is  parallel  to  the  target  motion,  or  two  ormoaonai 
cefiecucn  co»is  may  be  used  to  move  me  electron  image  m 
whatever  direction  is  needed.  This  anc  omerservo  loop  features 
imoiement  the  different  functions  provided  by  tne  vanous 
Cptron  models. 


100  (CO  >00  100  ::  v^o 
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Typicai  Spectra/  resoonseo/S20  photocathode  used  m  sfandaref 
Opiron  optical  heads  extends  from  ultraviolet  to  near  mtrared 
Standard  photograohic  fitters  may  be  used  to  eliminate 
196  haenground  iilummation  or  enhance  target  contrast. 


Accessories 


Accessories  for  use  with  Optron  noncontacting  displacement 
followers  perform  three  important  functions: 

1.  Support  and  oneni  the  optical  head  relative  to  the  obiect 
to  be  measured. 

2.  Illuminate  the  object  to  be  measured. 

3.  Calibrate  the  measurement  range  and  output  signals. 

Model  736  Heavy  Duly  Tripod  provides  rigid  support  for  any 
Optron  optical  head.  Especially  suitable  for  precise  displace* 
ment  measurements  or  extensometry  where  periectly  steady 
support  IS  necessary  2-section.  t  75"  diameter  braced  legs  nave 
swiveled  loot  plates  with  nonslio  treads.  Leg  adiusiments  plus 
gear  driven  elevator  column  with  13"  travel  provide  neignt  range 
of  33"  to  73"  Furnished  with  gear  driven  pan  and  tut  table  lor 
optical  head.  Weight  26  lb.  Optional  rubber  tired  dolly  available. 


Model  738  Triaxial  Positioner.  rhr,.-e  screw  onven  cross  sndes 
provide  accurate  X.  Y,  ano  Z  positioning  for  anv  Optron  optical 
head.  Vertical  travel  (Y  axis)  i  75"  (44  mmi.  x  ano  Z  axes  5.5" 
(137  mm|  In  some  applications  it  may  be  convenient  to  mount 
the  test  object  on  the  model  733  while  me  optical  nead  is 
stationary. 


ttij^'.A.'U 


Model  560  Target  Illuminator.  Consisis  ol  a  small,  reflector 
photo-flood  lamp  that  can  be  aimed  and  positioned  by  means  of 
an  integral  adjustable  support,  ano  a  regulated  00  power 


Model  860  Fiberoptic  Target  Illuminator.  Complete  with  voltage 
regulated  DC  power  supply,  the  360  is  designed  for  illuminating 
hard  to  reach  areas.  It  provides  a  cooi.  even  field  of  illumination. 

Model  855  Calibrators  are  micrometar  driven  precision  slides 
used  lor  precise  calibration  of  Optron  measuring  instruments. 
One  ano  two  axis  models  available  (855-2  shown  l.  Total  travel  1" 
each  axis.  High  contrast  targets  are  designed  for  front  illumina¬ 
tion.  using  standard  illuminator  supplied  witn  neao.  Optional 
sell-luminous  targets  are  available 


Model  736A  Tripod  with  2-axis  micrometer  table  surmounted  on 
pan.  tut  "eao  provides  5  5"  travel  m  X  and  Y  directions. 

Model  737  Tripod,  same  as  Model  736  except  eouipped  wiin 
crossarm  and  dual  panitiit  reads  lor  side  by  side  mounting  of 
two  Optron  optical  neaos.  2-axis  micrometer  tables  optional. 


Storage  Case.  Provided  with  eacn  system  to  nouse  tne  optical 
head,  lenses.  etc.  Handy  'or  transporting  system  from  one 
location  to  another  or  simply  (or  protecting  the  optical 
components  when  not  in  use. 
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B-1.  PRESSURE. 

952146  AD-A121  600/1 

Blast  Wave  Loading  of  a  Two-Dimensional  Circular  Cylinder  (Final 
Report) . 

Coulter,  George  A. 

Army  Armament  Research  and  Development  Command,  Aberdeen 
Proving  Ground,  MD,  Ballistic  Research  Lab 

Corp.  Source  Codes:  054817004;  393471 
Sponsor:  Shared  Bibliographic  Input 
Report  No.:  ARBRL-MR-03207;  SBI-AD-F300  118 
Nov  82  92p 
Languages:  English 

NTIS  Prices:  PC  A05/MF  AOl  Journal  Announcement:  GRAI8307 
Country  of  Publication:  United  States 
Contract  No.:  1L162618AH80 

A  two-dimensional  non-responding  cylinder  was  exposed  to  decay¬ 
ing  shock  waves  induced  in  the  BRL  57.5  cm  shock  tube. 
Pressure-time  records  are  shown  for  transducer  locations  spaced  at 
15-degree  intervals  around  the  cylinder  for  input  side-on 
overpressure  levels  of  42.3,  75.9,  and  112.2  kPa.  Pertinent 

loading  results  are  listed  in  tabular  ^orm. 

Descriptions:  *Blast  waves;  *Blast  loads;  *Cylindrical  bodies; 

Two  dimensional;  Shock  tubes;  Test  methods;  Pressure  measure¬ 
ment;  Transducers;  Loads  (Forces);  Diffraction;  Stagnation;  Firing 
tests  (Ordnance);  Shock  waves;  Drag 

Identifiers:  Blast  effects;  Model  cylinder;  Overpressure; 

NTISDODXA 

Section  Headings:  19D  (Ordnance--Explosions,  Ballistics,  and 
Armor);  79E  Ordnance- -Detonations,  Explosion  Effects,  and 
Ballistics) 


. 
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880547  AD-A106  141/5 


Reconstruction  of  a  Blast  Field  from  Pressure  History  Observations 
(Technical  Report) 

Celmins,  Aivars 

Army  Armament  Research  and  Development  Command,  Aberdeen 
Proving  Ground,  MD,  Ballistic  Research  Lab 

Corp.  Source  Codes:  054817004;  393471 
Report  No.:  ARBRL-TR-02367 
September  81  91  p 
Languages:  English 

NTIS  Prices:  PC  A05/MF  A01  Journal  Announcement:  GRA18205 
Country  of  Publication:  United  States 
Contract  No.:  1L161102AH43 

This  report  describes  a  method  for  the  calculation  of  parts  of 
spherical  blast  field  from  pressure  history  observations  at  stations 
placed  at  various  distances  from  the  blast  center.  The  method 
consists  of  a  determination  of  the  pressure  field  by  model  fitting 
and  of  a  subsequent  numerical  integration  of  the  flow  governing 
equations.  The  results  provided  a  complete  flow  description 
(pressure,  density,  and  particle  velocity)  as  well  as  estimates  of 
the  accuracy  of  the  results  within  the  region  of  observations.  A 
check  of  some  basic  assumptions  (spherical  symmetry  and  negligible 
viscosity)  is  provided  by  an  independent  calculation  of  the  particle 
velocity.  Application  examples  are  shown  for  a  theoretically  com¬ 
puted  strong  blast  field  and  for  data  from  a  high  energy  blast 
experiment.  (Author) 

Descriptors:  *Blast;  *Pressure  distribution;  Overpressure;  Experi¬ 
mental  data;  Numerical  integration;  Range  (Distance);  Nuclear 
explosion  simulation;  Spheres;  Density;  Particles;  Ideal  gas  law; 
Flow  fields;  High  energy;  Pressure  measurement;  Variables;  Mathe¬ 
matical  models;  Estimates;  Accuracy 

Identifiers:  *Blast  fields;  Spherical  blast;  Model  fitting;  MISERS 
BLUFF-2  shot;  Pressure  histories;  NTISDODXA 

Section  Headings:  19D  (Ordnance--Explosions,  Ballistics,  and 
Armor);  180  (Nuclear  Science  and  Technology--Nuclear 
Explosions);  79E  (Ordnance--Detonations,  Explosion  Effects,  and 
Ballistics);  77D  (Nuclear  Science  and  Technology--Nuclear 
Explosions  and  Devices) 
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Shock  Tube  Tests  of  Muzzle  Blast  Transducers  (Final  Report) 

Gion,  Edmund  J.;  Coulter,  George  A. 

Army  Armament  Research  and  Development  Command,  Aberdeen 
Proving  Ground,  MD,  Ballistic  Research  Lab 

Corp.  Source  Codes:  054817004;  393471 
Sponsor:  Shared  Bibliographic  Input  Experiment 
Report  No.:  ARBRL-MR-03141 ;  AD-E430  701 
September  81  62p 
Supersedes  ARBRL- IMR-691 
Languages:  English 

NTIS  Prices:  PC  A04/MF  AOl  Journal  Announcement:  GRAI8206 
Country  of  Publication:  United  States 
Contract  No.:  1L161102AH43 

A  fairly  extensive  comparison  testing  of  blast  transducers  is 
presented.  A  number  of  blast  transducers  were  exposed  to  a 
series  of  shock  waves  from  the  BRL  58  cm  shock  tube.  Both  the 
angle  of  shock  incidence  and  the  incident  pressure  levels  were 
varied  during  the  tests.  The  purpose  of  the  study  was  to  check 
the  transducer  s  response  and  accuracy  when  misaligned  to  the 
flow  direction.  The  complete  sets  of  pressure-time  records  for 
representative  transducer  types  are  presented.  The  results  show 
that,  in  general,  none  of  the  tested  blast  transducers  measures 
the  static  or  side-on  pressures  accurately  independent  of  orien¬ 
tation.  As  a  consequence,  continual  attention  must  be  given  to 
optimal  transducer  orientation  and  other  considerations  relevant  to 
the  blast  transducer  used. 

Descriptors:  *Pressure  transducers;  *Gun  muzzles;  *Pressure 

gages;  *Blast  waves;  *Pressure  measurement;  Overpressure;  Shock 
waves;  Misalignment;  Flow;  Shock  tubes;  Gun  barrels 

Identifiers:  Blast  transducers;  NTISDODXA 

Section  Headings;  19D  (Ordnance--Explosions,  Ballistics,  and 
Armor);  19F  (Ordnance--Guns) ;  79E  (Ordnance--Detonations, 

Explosion  Effects,  and  Ballistics);  79G  (Ordnance--Guns) 
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Airblast  Pressure  Transducer  for  Measurements  in  Nuclear  Blast 
Simulators  (Final  Report) 

Quintana,  J.  V. 

Air  Force  Weapons  Lab.,  Kirtland  AFB,  NM 

Corp.  Source  Codes:  000905000;  013150 
Sponsor;  Shared  Bibliographic  Input  Experiment 
Report  No.:  AFWL-TR-79-59;  AD-E200  497 
April  80  33p 
Languages:  English 

NTIS  Prices:  PC  A03/MF  A01  Journal  Announcement:  GRAI8021 
Country  of  Publication:  United  States 
Contract  No.:  1088;  21 

An  extremely  rugged  resistance-based  blast  pressure  transducer  is 
developed  over  a  number  of  years  for  use  in  the  blast  and  shock 
environment  of  high  explosive-driven  nuclear  blast  simulators.  A 
novel  silicon  display  with  integral  (diffused)  strain  sensitive 
regions  is  used  as  the  transduction  element  for  measurements  of 
peaks  to  69  MPa  and  requiring  microsecond  rise  time  response. 
Evolution  of  the  transducer  geometry,  internal  configuration,  and 
special  thermal  barriers  enable  sensing  applications  in  e;  ‘;remely 
violent  shock  environments  to  50  kgs  with  intense  flash  and  burn 
thermal  environments.  A  variety  of  transducer  mounting  hardware 
configurations  enables  side-on  sensing  of  incident  overpressure 
and  head-on  sensing  of  reflected  and  stagnation  pressures  in  a 
variety  of  simulator  field  test  configurations. 

Descriptors:  *Pressure;  *Transducers;  *Pressure  transducers; 

*Nuclear  explosion  simulation;  Nuclear  explosions;  Simulation; 
Pressure  measurement;  Silicon;  Shock  resistance;  Blast;  Disks; 
Overpressure 

Identifiers:  ICBM  (Intercontinental  Ballistic  Missiles) ;  Rise  time; 
Blast  simulators;  NTISDODXA 

Section  Headings:  18C  (Nuclear  Science  and  Technology--Nuclear 
Explosions);  77D  (Nuclear  Science  and  Technology--Nuclear  Explo¬ 
sions  and  Devices) 
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Development  of  Airblast  and  Soil  Strength  Instrumentation  (Final 
Report,  1  May  78--1  January  80) 

Coleman,  P.  L.;  Groethe,  M.  A. 

Systems,  Science  and  Software,  La  Jolla,  CA 

Corp.  Source  Codes:  026555000;  388507 
Sponsor:  Defense  Nuclear  Agency,  Washington,  DC 
Report  No.:  SSS-R-80-4367;  DNA-5225F 
1  February  80  123p 
Languages:  English 

NTIS  Prices:  PC  A06/MF  A01  Journal  Announcement:  GRAI8103 

Country  of  Publication:  United  States 

Contract  No,:  DNA001 -78-C-0244;  H11CAXS;  X352 

The  development  and  testing  of  airblast  and  soil  strength  gages 
are  presented.  The  airblast  sensors  include  an  accelerometer 
instrumented  drag  sphere  to  measure  dynamic  pressure  and  bar 
gage  probes  to  measure  static,  stagnation  and  reflected  pressures 
at  levels  to  10  to  the  8th  power  Pa  (1  kilobar).  The  soil  strength 
gauge  is  a  shock  hardened  dynamic  cone  penetrator.  An  analysis 
of  a  slug  type  heat  flux  sensor  is  given.  (Author) 

Descriptors:  *Gages;  Pressure  gages;  Accelerometers;  Tempera¬ 
ture  measuring  instruments;  Heat  flux;  Blast  waves;  Soil  tests; 
Strength  (Mechanics);  Earth  penetrating  devices;  Conical  bodies; 
Stagnation  pressure;  Static  pressure;  Supersonic  flow;  Dynamic 
pressure;  Pressure  measurement;  Drag;  Spheres;  Soil  dynamics; 
Cratering;  Nuclear  explosion  testing;  Nuclear  explosion  simulation; 
High  explosives;  Shock  tubes 

Identifiers:  Airblast;  Dynamic  cone  penetrators;  Bar  gages;  Soil 
strength  gages  WU81 ;  NTISDODXA;  NTISDODSD 

Section  Headings:  8M  (Earth  Sciences  and  Oceanography--Soil 
Mechanics);  14B  (Methods  and  Equipment--Laboratories,  Test 
Facilities,  and  Test  Equipment);  79E  (Ordnance--Detonations, 
Explosion  Effects,  and  Ballistics);  50D  (Civil  Engineering--Soil  and 
Rock  Mechanics) 
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Fiber-Optic  Coupled  Pressure  Transducer 
Tallman,  C.  R.;  Wingate,  F.  P.;  Ballard,  E.  0. 

Los  Alamos  Science  Lab,  NM 

ISA  Trans,  v  19,  n  2,  1980,  p  49-53  CODEN:  ISATAZ 

ISSN;  0019-0578 

A  fiber-optic  coupled  pressure  transducer  has  been  developed  for 
measurement  of  pressure  transients  produced  by  fast  electrical 
discharge  in  laser  cavities.  The  design  is  described  in  detail,  and 
the  performance  of  the  transducer  in  shock  tube  and  direct 
electrical  discharge  environments  is  discussed.  2  references. 

Descriptors:  *PRESSURE  TRANSDUCERS  *Design;  FIBER  OPTICS- 
Applications;  LASERS,  GAS-Resonators;  ELECTRIC  DISCHARGES- 
Pressure  Measurement;  SHOCK  TUBES-Pressure  Measurement 

Classification  Codes:  944;  741;  744;  701;  651 
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A  Study  of  Response  Time  of  Pitot  Pressure  Probes  Designed  for 
Rapid  Response  and  Protection  of  Transducer 

Moore,  J.  A. 

National  Aeronautics  and  Space  Administration.  Langley  Research 
Center,  Hampton,  VA 

Report  No.;  NASA-TM-80091 
May  79  32p 
Languages:  English 

NTIS  Prices:  PC  A03/MF  AOl  Journal  Announcement;  GRAI7922; 
STAR1718 

An  eight-orifice  probe,  designed  to  protect  the  transducer  without 
the  use  of  a  baffle,  was  compared  to  a  standard  orifice-baffle 
probe  in  the  small  shock  tube  and  in  the  expansion  tube  under 
normal  run  conditions.  In  both  facilities,  the  response  time  of 
eight-orifice  probe  was  considerable  better  than  the  standard 
probe  design . 

Descriptors;  *Circuit  protection;  *Pitot  tubes;  *Pressure 
measurements;  *Shock  tubes;  *Transducers;  Baffles;  Dynamic 
response;  Orifice  flow 

Identifiers:  NTISNASA 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 
Test  Facilities,  and  Test  Equipment);  lA  (Aeronautics-- 
Aerodynamics) ;  51 F  (Aeronautics  and  Aerodynamics--Test  Facilities 
and  Equipment) 
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Determination  of  the  Transient  Characteristics  of  Pulse-Pressure 
T  ransducers 

Plotnikov,  I.  V.;  Dunaieva,  V.  A.;  Efimov,  V.  A.;  Evdokimov, 
0.  B.;  Medvedev,  V.  M. 

Izmer,  Tekh.  (USSR)  Vol.  22,  No.  4  394-6  April  1979 
Coden:  iZTEAW 

Trans  in:  Meas.  Tech.  (USA)  Vol.  22,  No.  4  April  1979 
Coden:  MSTCAL 

Treatment:  New  Developments 
Document  Type:  Journal  Paper 
Languages:  English 
(5  References) 

Describes  a  pulse-pressure  generator  system  used  in  testing  and 
calibrating  pressure  transducers.  The  measured  pressures  are  in 
the  range  10/SUP  4/  to  10/SUP  8/PA  with  durations  of  10/SUP  -6/ 
to  10/SUP  1/S.  The  system  is  based  upon  a  shock  tube  with 
piezoelectric  shock-wave  velocity  transducer  and  contact-indicator 
for  shock-wave  arrival  time.  The  operating  principle  is  based 
upon  the  quasistatic  method  for  measuring  stepped  pressure 

Descriptors:  Pressure  measurement;  Pressure  transducers;  Shock 
tubes 

Identifiers:  Transient  Characteristics;  Pressure  Transducers; 

Shock  Tube;  Piezoelectric;  Quasistatic  Method;  Stepped  Pressure; 
Shock  Wave 

Class  Codes;  A0735;  A0670M;  B7320V;  B7230 
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Differential  Pressure  Gauge  (Patent  Application) 

Ethridge,  Noel  H. 

Department  of  the  Army,  Washington,  DC 

Corp.  Source  Codes:  000137000 
Report  No.:  PAT-APPL-6-020  890 
Filed  15  March  79  13p 

This  Government-owned  invention  available  for  U.S.  licensing  and; 
possibly,  for  foreign  licensing.  Copy  of  application  available 
NTIS. 

Languages:  English  Document  Type:  Patent 

NTIS  Prices:  PC  A02/MF  A01  Journal  Announcement:  GRAI8004 

Country  of  Publication:  United  States 

A  gage  for  measuring  differential  pressure  in  an  explosive  blast 
wave,  wind  tunnel,  or  shock  tube,  utilizes  a  tubular  housing 
having  a  conical  axially  aligned  inlet  port,  a  cylindrical  cavity 
which  is  divided  into  fore  and  aft  sections  by  a  transversely 
disposed  pressure  responsive  diaphragm.  A  plurality  of  syme- 
trically  disposed  off-set  stagnation  inlet  tubes  and  a  plurality  of 
circumferentially  positioned  flow  compensated  side-on  overpressure 
input  slots  are  used  to  communicate  with  each  of  the  respective 
fore  and  aft  sections  of  the  cavity.  Variation  in  stagnation  and 
side-on  overpressures  cause  diaphragm  movement  which  is  detected 
by  a  friction -free  sensing  member.  (Author) 

Descriptors;  *Patent  applications;  *Pressure  gages;  *Dynamic 
pressure;  *Blast  waves;  Shock  tubes;  Overpressure;  Diaphragms 
(Mechanics);  Stagnation  pressure;  Air  flow;  Wind  tunnels 

Identifiers;  Differential  pressure;  NTISGPA 

Section  Headings:  19D  (Ordnance--Explosions,  Ballistics,  and 
Armor);  20D  ( Physics--Fluid  Mechanics);  14B  (Methods  and 
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79E  (Ordnance-'Detonations,  Explosion  Effects,  and  Ballistics); 
90G  (Government  Inventions  for  Licensing- - 1 nstruments ) ; 
901  (Government  Inventions  for  Licensing- -Ordnance) 
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Proposed  Design  for  a  Differential  Pressure  Gage  to  Measure 
Dynamic  Pressure  in  Blast  Waves  (Final  Report) 

Ethridge,  Noel  H. 

Army  Armament  Research  and  Development  Command,  Aberdeen 
Proving  Ground  Md,  Ballistics  Research  Lab 

Corp.  Source  Codes:  393471 

Report  No.:  ARBRL-MR-02814;  AD-E430  012 

March  78  27p 

NTIS  Prices;  PC  A03/MF  AOl  Journal  Announcement;  GRAI7817 
Contract  No.:  JllAAXS;  X352 

The  current  technique  for  determining  dynamic  pressure  in  blast 
waves  is  subject  to  large  errors  below  incident  shock  over¬ 
pressures  of  69  KPa  (10  psi).  It  is  shown  that  if  a  single 
pressure-sensing  element  can  be  used  to  measure  the  differential 
pressure  between  stagnation  and  side-on  overpressures,  then 
dynamic  pressure  can  be  determined  with  much  less  error.  A 
design  for  a  differential  pressure  gage  is  presented.  A  particular 
diaphragm  size  and  material  are  proposed,  and  several  diaphragm 
deflection-sensing  techniques  are  indicated.  The  frequency 
response  of  the  gage  seems  adequate  for  measurements  of  blast 
waves  from  large  HE  charges.  (Author) 

Descriptors:  *Pressure  gages;  *Blast  waves;  Dynamic  pressure; 
Diaphragms  (Mechanics);  Pressure  measurement;  Comparison; 
Stagnation  pressure;  Overpressure;  Frequency  response;  Drag; 
Airflow;  Shock  tubes;  Instrumentation;  Time 

Identifiers:  NTISDODXA 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 
Test  Facilities,  and  Test  Equipment);  19D  (Ordnance- - Explosions , 
Ballistics,  and  Armor);  79E  (Ordnance- -Detonations ,  Explosion 
Effects,  and  Ballistics) 
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On  the  Calibration  of  Pressure  Transducers  for  Use  in 
Shock-Tunnels 

Goodchild,  R.  O.;  Bernstein,  L. 

Queen  Mary  College,  London  (England) 

Report  No.:  ARC-CP-1240;  ARC-33832 
1973  46p 

Misc-Supersedes  ARC-33832 

NTIS  Prices:  PC  A03/MF  A01  Journal  Announcement:  GRAI7402 
STAR1124 

The  calibration  of  high  sensitivity,  fast  response  pressure  trans¬ 
ducers  is  discussed,  particular  attention  being  given  to  those 
factors  which  can  lead  to  significant  calibration  errors.  It  is 
shown  that  static  and  dynamic  calibrations  of  piezoelectric  trans¬ 
ducers  are  consistent,  contrary  to  the  experience  of  some  earlier 
investigators,  so  that  where  static  calibration  is  possible,  that  is 
sufficient.  In  cases  where  static  calibration  is  not  possible,  the 
semi-dynamic  technique  using  a  quick-acting  valve  is  both  more 
convenient  and  potentially  more  accurate  than  the  shock  tube 
technique,  especially  when  digital  recording  can  be  employed. 
(Author) 

Descriptors:  *Electrostatics ;  *Piezoelectric  transducers;  *Pressure 
sensors;  *Shock  tubes;  Calibrating;  Pressure  measurements 

Identifiers;  NTISNASA 

Section  Headings:  14B  (Methods  and  Equipment- - Laboratories , 

Test  Facilities,  and  Test  Equipment) 
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Fast  miniature  pitot  pressure  transducer 
McIntosh  MK 

Australian  National  University,  Canberra 

J.  Phys  E,  Sci  Instrum,  v  4  number  1,  Jan  1971,  p  145-6 

A  small  C2mm  diam)  fast  (time  constant  equal  1.  5Us),  shielded 

pitot  pressure  transducer  is  described,  and  examples  are  cjiven  of 
its  use  in  a  high  enthalpy  shock  tunnel. 

Descriptors:  *Pressure  measuring  instruments;  Transducer;  Flow 
of  LUlDS-nozzle;  Shock  tubes;  Shock  waves-measurement 

Classification  Codes:  422;  631;  651;  704;  944 
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Primary  calibration  of  pressure  transducers  to  10,000  Hz 
Favour  J.  D.;  Stewart,  R. 

Boeing  Co.,  Seattle,  Washington 

Proc  15th  Int  ISA  Aerosp  Instrum  Symp,  May  5-7  1969,  Las  Vegas, 
Nev,  p.  39-96 

A  shock  tube  is  used  to  provide  excitation  to  the  transducer  in 
the  form  of  a  definable  pressure  step  function.  The  transducer 
output,  time  domain,  data,  is  analyzed  by  digital  computer  using 
the  o’  Colley  -  Tukey  Fast  Fourier  Transform  to  provide  the 
frequency  domain  calibration  data.  Calibration  traceability  is 
accomplished  by  measurement  of  basic  standards  of  time,  distance, 
force  and  temperature,  and  the  mathematics  of  shock  tube 
behavior.  A  trial  calibration  has  been  performed  with  excellent 
results.  9  References. 

Descriptors:  *Transducers  -  *Calibration;  Pressure  measuring 
instruments;  Shock  tubes 

Classification  Codes:  631;  704;  752;  944 
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An  Evaluation  of  Glass  as  a  Passive  Shock  Pressure  Gage  Material 
Eggert,  G.  L. 

Issued  by:  Sandia  Labs.,  Albuquerque,  New  Mexico,  USA;  April 
1969 

14  pp. 

Availability:  CFSTI,  Springfield,  VA  22151,  USA 

Report  No.:  SC-TM-69-88 
Document  Type:  Report 
Languages:  English 
USGRDR  No.:  PB-184349 

Eight  compositions  of  glasses  were  evaluated  for  application  as  the 
sensors  in  the  construction  of  passive  shock  pressure  gages. 
Although  all  of  the  glasses  displayed  irreversible  densification 
under  static  loading,  none  densified  sufficiently  under  shock 
loading  to  be  considered  for  a  passive  pressure  measurement 
sensor. 

Descriptors:  Glass;  Pressure  measurement;  Shock  tubes 
Class  Codes:  1A0350;  U0120 
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Miniature  Instrumentation  for  Use  in  Shock-Driven  Facilities  (Final 
Report,  July  65-September  66) 

Weisbiatt,  H.;  Clemente,  A.  R.;  Wood,  A.  D.;  Pallone,  A.  J. 

Avco  Corporation;  Wilmington,  Mass.,  Avco  Space  Systems  Division 
Corp.  Source  Codes;  400877 

Report  No.:  AVSSD-280-66-RR;  AFAPL-TR-66-129 

30  December  66  11  Op 

Distribution  limitation  now  removed. 

NTIS  Prices:  PC  A06/MF  AOl  Journal  Announcement;  GRA17711 
Contract  No.;  AF  33(615) -3037 

The  development  of  miniature  probes  for  the  measurement  of 
stagnation  and  static  pressure,  stagnation  temperature,  and  high 
heat-transfer  rate  in  shock-driven  facilities  is  described.  A  basic 
piezoelectric  sensing  unit  is  used  in  conjunction  with  different 
probes  to  measure  the  stagnation  of  static  pressure  over  a 
pressure  range  of  0.02  to  100  psia.  For  temperature  measurements 
a  fast  response  thermocouple,  which  can  be  used  to  3,500  K  at 
pressures  above  400  psia,  is  described.  Heat-transfer  rate  is 
obtained  by  means  of  a  modified  calorimeter  heat-transfer  gage. 
Basic  concepts  are  presented,  together  with  details  of  fabrication, 
calibration,  the  associated  electronic  circuitry,  and  test  results 
obtained  in  shock-driven  facilities.  (Author) 

Descriptors;  *Shock  tubes;  Instrumentation;  Pressure;  Tempera¬ 
ture;  Detectors;  Piezoelectric  gages;  Thermocouples;  Strain  gages; 
Heat  transfer 

Section  Headings;  14B  (Methods  and  Equipment--Laboratories, 
Test  Facilities,  and  Test  Equipment) 


213 


B-2.  TEMPERATURE. 


1002713  DE83006300 

T ransient-Temperature-Measurement  Errors 
Keltner,  N.  R.;  Bainbridge,  B.  L.;  Beck,  J.  V. 

Sandia  National  Labs.,  Albuquerque,  New  Mexico 
Corp.  Source  Codes:  068123000;  9511100 

Sponsor:  Michigan  State  University,  East  Lansing;  Department  of 
Energy,  Washington,  DC 

Report  No.:  SAND-83-0161C;  CONF-830702-4 
1983  19p 

21,  ASME/AIChE  National  Heat  Transfer  Conference,  Seattle,  WA, 
USA,  24  July  1983 

Languages:  English  Docrment  Type:  Conference  proceeding 

NTIS  Prices:  PC  A02/MF  A01  Journal  Announcement:  GRAI8323; 
NSA0800 

Country  of  Publication:  United  States 
Contract  No.:  AC04-76DP00789 

The  estimation  of  transient-temperature-measurement  errors  is 
often  required  to  help  understand  thermal  experiments  and  improve 
the  accuracy  of  estimated  thermal  parameters.  Thermal- response 
models  used  in  conjunction  with  experimental  techniques  are  very 
effective.  A  hybrid  of  finite  differences  and  the  Unsteady  Surface 
Element  method  is  developed  and  used  for  modeling  temperature 
measurements  made  with  intrinsic  thermocouples  and  resistance 
temperature  detectors.  In  the  latter  case,  experimental  data 
obtained  with  the  Loop  Current  Step  Response  method  is  used  to 
estimate  model  parameters.  (ERA  citation  08:037063) 

Descriptors:  *Temperature  measurement;  Transients;  Errors; 

Finite  difference  method;  Thermocouples;  Mathematical  models 

Identifiers:  ERDA/440300;  NTISDE 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 
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Development  of  a  Fuel-Rod  Simulator  and  Small-Diameter 
Thermocouples  for  High-Temperature,  High-Heat-Flux  Tests  in  the 
Gas.-Cooled  Fast  Reactor  Core  Flow  Test  Loop 

McCulloch,  R.  W.;  MacPherson,  R.  E. 

Oak  Ridge  National  Lab.,  TN 

Corp.  Source  Codes:  021310000;  4832000 
Sponsor:  Department  of  Energy,  Washington,  DC 
Report  No.:  ORNL-5864 
March  83  121p 

Portions  are  illegible  in  microfiche  products.  Original  copy 
available  until  stock  is  exhausted. 

Languages:  English 

NTIS  Prices:  PC  A06/MF  A01  Journal  Announcement:  GRA'8318;- 
NSA0800 
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The  Core  Flow  Test  Loop  was  constructed  to  perform  many  of  the 
safety,  core  design,  and  mechanical  interaction  tests  in  support  of 
the  Gas-Cooled  Fast  Reactor  (GCFR)  using  electrically  heated  fuel 
rod  simulators  (FRSs).  Operation  includes  many  off-normal  or 
postulated  accident  sequences  including  transient,  high-power,  and 
high-temperature  operation.  The  FRS  was  developed  to  survive: 
(1)  hundreds  of  hours  of  operation  at  200  W/cm  exp  2,  1000 

exp  0  C  cladding  temperature,  and  (2)  40h  at  40  W/cm  exp  2, 
1200  exp  0  C  cladding  temperature.  Six  0.5-mm  type  K  sheathed 
thermocouples  were  placed  inside  the  FRS  cladding  to  measure 
steady-state  and  transient  temperatures  through  clad  melting  at 
1370  exp  0  C.  (ERA  citation  08:026094). 
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Estimates  of  measurement  uncertainties  for  thermocouples  and  the 
resistance  thermometer  used  to  measure  temperatures  in  the  Loss- 
of-Fluid  Test  (LOFT)  system  during  experiments  are  provided. 
The  estimated  uncertainties  were  obtained  by  evaluating  the 
temperature  measurements  to  determine  possible  errors  and  then 
combining  the  errors  for  each  measurement.  The  evaluation 
showed  that  different  uncertainty  components  are  important  for 
different  temperature  measurements  and  that  no  one  error  source 
is  a  major  source  of  uncertainty  for  all  the  LOFT  temperature 
measurements . 
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Probe  measurement  techniques  and  capabilities  have  been  reviewed 
with  respect  to  measurements  of  temperature,  pressure,  velocity 
and  species  concentrations  in  a  combustion  environment. 
Individual  probe  design,  sources  of  measurement  errors  and 
methods  for  reducing  these  errors  are  discussed  as  well  as 
measurement  errors  common  to  all  probe  measurements.  Bare  wire 
thermocouple  measurement  techniques  are  examined  together  with 
several  types  of  water-cooled  aspirating  thermocouple  probes 
having  a  maximum  design  dependent  temperature  range  of  3000°F 
to  4000°F.  Velocity  measurements  using  unidirectional  and 
multidirectional  pneumatic  probes  are  discussed,  along  with  hot 
wire/hot  film  anemometers  for  measurement  of  turbulent  intensity 
and  stress  components  as  well  as  mean  velocity.  Gas  sampling 
techniques  using  isokinetic  and  aerodynamic  quenching  probes  are 
surveyed  for  gas  species  concentrations.  Instrumentation  to 
determine  convective  and  radiative  heat  transfer  to  the  wall  within 
a  combustion  environment  is  reviewed. 
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The  effect  of  inhomogeneities  on  the  behavior  of  thermocoup  is 
examined  in  detail.  Methods  of  testing  for  inhomogeneities  are 
outlined,  and  the  methods  employed  at  the  Oak  Ridge  National 
Laboratory  are  described.  Examples  are  given  of  the  uses  of  an 
Inhomogeneity  Test  Facility  as  a  diagnostic  tool  to  determine  the 
cause  of  temperature  measurement  errors.  (ERA  citation 
07:047921) 
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Premature  failure  of  small-diameter,  magnesium-oxide-insulated 
sheathed  thermocouples  occurred  when  they  were  placed  within 
nuclear  fuel  rod  simulators  (FRSs)  to  measure  high  temperatures 
and  to  follow  severe  thermal  transients  encountered  during  simu¬ 
lation  of  nuclear  reactor  accidents  in  Oak  Ridge  National 
Laboratory  (ORNL)  thermal-hydraulic  test  facilities.  Investigation 
of  thermally  cycled  thermocouples  yielded  three  criteria  for 
improvement  of  thermocouple  lifetime:  (1)  reduction  of  oxygen 
impurities  prior  to  and  during  their  fabrication,  (2)  refinement  of 
thermoelement  grain  size  during  their  fabrication,  and  (3)  elimi¬ 
nation  of  prestrain  prior  to  use  above  their  recrystallization 
temperature.  The  first  and  third  criteria  were  satisfied  by 

improved  techniques  of  thermocouple  assembly  and  by  a  recovery 
anneal  prior  to  thermocouple  use. 
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Thermocouples,  properly  used  under  favorable  conditions,  can 
measure  temperature  with  an  accepted  tolerance.  However,  when 
improperly  applied  or  exposed  to  hostile  mechanical,  chemical, 
thermal,  or  radiation  environments,  they  often  fail  without  the 
error  being  evident  in  the  temperature  record.  Conversely, 
features  that  appear  to  be  unreasonable  in  temperature  records  can 
be  authentic.  When  hidden  failure  occurs  during  measurement, 
deliberate  recording  of  supplementary  information  is  necessary  to 
distinguish  valid  from  faulty  data.  Loop  resistance  change,  circuit 
isolation,  isolated  noise  potential,  and  other  measures  can  reveal 
symptoms  of  developing  defects.  Monitored  continually  along  with 
temperature,  they  can  reveal  the  occurrence,  location,  and  natures 
of  damage  incurred  during  measurement.  Special  multiterminal 
branched  thermocouple  circuits  and  combinatorial  multiplex 
switching  allow  detection  of  dc  measurement  noise  and  decalibra¬ 
tion.  Symptoms  of  insidious  failure,  often  consequential,  are 
illustrated  by  examples  from  field  experience  in  measuring  temper¬ 
ature  of  a  propagating  retorting  front  in  underground  coal  gasifi¬ 
cation.  (ERA  citation  07:047940) 
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A  program  to  empirically  analyze  data  residuals  or  noise  to  deter¬ 
mine  instrument  response  that  occurs  during  in-pile  transient  tests 
is  outlined.  As  an  example,  thermocouple  response  in  the  Mark  III 
loop  during  a  severe  overpower  transient  in  TREAT  is  studied 
both  in  frequency  space  and  in  real-time.  Time  intervals  studied 
included  both  constant  power  and  burst  portions  of  the  power 
transient.  Thermocouples  time  constants  were  computed.  Benefits 
and  limitations  of  the  method  are  discussed.  (ERA  citation 
08:026082) 
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The  measurement  most  frequently  made  in  the  Radiant  Heat  Facility 
is  temperature,  and  the  transducer  which  is  used  almost 
exclusively  is  the  thermocouple.  Other  methods,  such  as 
resistance  thermometers  and  thermistors,  are  used  but  very 
rarely.  Since  a  majority  of  the  information  gathered  at  Radiant 
Heat  is  from  thermocouples,  a  reasonable  measure  of  the  quality  of 
the  measurements  made  at  the  facility  is  the  accuracy  of  the 
thermocouple  temperature  data.  (ERA  citation  06:014626) 
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The  technology  and  commercial  vendors  have  been  developed  for 
fabrication  of  thermocouples  to  measure  fuel  centerline  tempera¬ 
tures  to  22000°C  in  the  LOFT  reactor.  Two  model  A  and  one 
model  B  qualification  thermocouples  satisfied  all  test  requirements 
during  life  tests  at  2200°C  and  1550°C.  The  emf  output  drifted 
less  than  2a  during  400  hour  tests  at  the  maximum  test  tempera¬ 
tures  of  2200°C  and  1550°C.  Measurement  performance  remained 
unimpaired  after  145C/s  transient  survival  tests.  The  thermo¬ 
couples  did  not  meet  the  time  response  requirement  of  one  second. 
Time  responses  of  4i  seconds  at  1550°C  and  2j  seconds  at  2200°C 
were  measured.  However,  this  result  was  not  considered  too 
negative  to  preclude  useful  temperature  measurement  of  fuel  center- 
line  temperatures  in  the  LOFT  reactor.  The  first  qualification 
thermocouples  satisfied  all  other  test  requirements. 
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A  feasibility  test  was  made  in  September  1977  to  determine  the 
suitability  of  various  transducer  types  as  sensors  for  a  cross- 
correlation  type  transit  time  flowmeter.  The  sensor  types  tested 
were  single  beam  gamma  densitometers,  conductivity  probes  and 
passive  thermocouples.  Three  forms  of  signal  conditioning  were 
applied  to  the  thermocouple  signals:  bandpass  amplification, 
frequency  compensation  and  signal  compression.  The  gamma 
densitometer  was  the  most  successful,  the  conductivity  probe  less 
successful,  and  the  thermocouple  least  successful.  Further  work 
is  recommended.  (ERA  citation  05:030678) 
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Development  and  Calibration  of  a  Total  Temperature  Probe  for  the 
Imperial  College  Aeronautics  Department  Gun  Tunnel 
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Development  of  a  vented-shield  thermocouple  probe  for  total 
temperature  measurements  in  a  hypersonic  turbulent  boundary 
layer  concentrated  on  maximizing  both  the  transient  response  rates 
and  the  steady  state  recovery  factor  (which  eventually  reached 
about  98%  at  the  highest  test  Reynolds  numbers)  is  described. 
This  performance  was  achieved  by  maximizing  the  unit  Reynolds 
number  within  the  shield  and  hence  the  convective  heating  of  the 
sensor;  and  by  improving  the  sensor  aspect  ratio  parameters  which 
control  the  conduction  losses.  The  probe  was  operated  with  an 
unheated  shield.  It  is  argued  that  shielding  a  probe  affords 
aerodynamic  and  response  advantages  compared  with  its  unshielded 
counterpart.  Performance  deteriorates  with  reduction  in  Reynolds 
number  and  hence  with  immersion  in  the  boundary  layer.  The 
critical  limit  in  a  short  duration  facility  must  always  be  failure  to 
reach  a  steady  state.  Probes  were  calibrated  against  Reynolds 
number  for  the  required  range  but  at  fixed  total  temperature.  It 
is  expected  that  the  worst  error  in  steady  state  temperature  for  a 
given  probe  would  be  of  order  40  K  with  a  considerable  improve¬ 
ment  in  overall  accuracy  for  profile  data  averaged  from  several 
probes . 
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High  Speed  Data  Systems  for  Energy  Sensitive  Facilities;  A 
1000-MPa  Ballistic  Pressure  Transducer;  Calibration  of  Laboratory 
Condenser  Microphones;  Reducing  Effects  of  Pneumatic  Lag;  A  New 
Microprocessor  Based  Pressure  Standard;  Use  of  an  Inertial 
Navigation  System  as  Airborne  Instrumentation  for  Performance 
Flight  Testing;  Aerial  Camera  Vibration  Instrumentation;  Absolute 
Calibration  of  Accelerometers  at  the  National  Bureau  of  Standards; 
Response  of  Transducers  to  Fast  Transient  Motion  Inputs;  A 
Measurement  System  for  Large  Motions;  Pressure  and  Acceleration 
Measurements  in  Large  Caliber  Cannons;  Deriving  the  Transfer 
Function  of  Spatial  Averaging  Transducers;  Steam/BTU  Metering 
System;  Transducer  Field  Test  Set;  Internal  Transducer  Electronic 
Amplifiers;  Thermocouple  Error  Analysis  in  the  Design  of  Large 
Engineering  Experiments;  Triaxial  Measurement  of  Stress  Waves  in 
the  Free-Field;  A  Low  Impedance  Manganin  Stress  Gauge  System 
for  Severe  Shock  Wave  Environments;  Improved  Stress  Transducer 
Design  and  Stability  Evaluation;  Fast  Recovery  Strain  Measure¬ 
ments  in  a  Nuclear  Test  Environment;  Measurement  of  Pipeline 
Strains  from  Buried  Explosive  Detonations. 

Descriptors;  *Pressure  transducers;  *Navigational  aids;  Strain 
gages;  Stress  analysis;  Shock  waves;  Deformation;  Inertial 
navigation;  Flight  testing;  Response;  Transients;  Accelerometers; 
Calibration;  Thermocouples;  Mechanical  impedance;  Transfer 
functions;  Vibration;  Aerial  cameras;  Workshops 

Identifiers:  NTISDODXA 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 

Test  Facilities,  and  Test  Equipment) 
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Limitations  of  Thermocouples  in  Temperature  Measurements 

Anderson,  R.  L. ;  Adams,  R.  K.;  Duggins,  B.  C. 

Oak  Ridge  National  Lab.,  TN 

Corp.  Source  Codes:  021310000;  4832000 
Sponsor:  Department  of  Energy 
1979  33p 

25,  ISA  International  Instrumentation  Symposium,  Anaheim,  CA, 

USA,  7  May  1979 

Languages:  English  Document  Type:  Conference  proceeding 

NTIS  Prices:  PC  A03/MF  AOl  Journal  Announcement:  GRAI8001; 
NSA0400 

Country  of  Publication:  United  States 
Contract  No. :  W-7405-ENG-26 

Factors  limiting  the  accuracy  of  temperature  measurements  with 
Type  K  and  Type  S  sheathed  thermocouple  assemblies  are  dis¬ 
cussed.  The  effect  of  short-range  ordering  in  Chromel  is  shown 
to  limit  the  accuracy  of  temperature  measurements  made  with 
Type  K  thermocouple  to  about  1%.  Errors  of  as  much  as  150%  have 
been  observed  in  Type  K  thermocouples  in  magnetic  fields  at 
temperatures  below  the  Curie  temperature  of  Alumel.  Both  positive 
and  negative  errors  were  observed  when  the  orientations  of  the 
applied  magnetic  field,  the  temperature  gradient  and  the  axis  of 
the  Alumel  wire  were  such  as  to  produce  an  emf  along  the  thermo¬ 
couple  wire  due  to  the  Nernst--Ettingshausen  effect.  (ERA 
citation  04:049083) 

Descriptors:  *Thermocouples;  Accuracy;  Performance 
Identifiers:  ERDA/440300;  NTISDE 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 
Test  Facilities,  and  Test  Equipment) 


542376  SAND-75-6154 


Intrinsic  Thermocouple  Measurement  Errors 
Keltner,  N.  R.;  Bickle,  L.  VV. 

Sandia  Labs.,  Albuquerque,  New  Mexico 
Corp.  Source  Codes:  5659000;  9502551 

Sponsor:  New  Mexico  University,  Albuquerque,  Department  of 

Mechanical  Engineering,  Energy  Research  and  Development 
Administration 

Report  No. :  CONF-760816-4 
1975  24p 

National  Heat  Transfer  Conference,  St.  Louis,  Missouri,  United 
States  of  America  (USA),  8  August  1976 

Document  Type:  Conference  proceeding 

NTIS  Prices:  PC  A02/MF  AOl  Journal  Announcement:  GRAI7703; 
NSA0100 

An  approximate  analytical  model  is  given  for  the  transient  response 
of  an  intrinsic  thermocouple.  Thermocouple  response  charts  are 
developed.  The  model  is  used  with  numerical  convolution  and 
deconvolution  to  estimate  and  correct  for  transient  temperature 
measurement  errors.  The  methods  are  illustrated  by  example 
applications.  (ERA  citation  01:026383) 

Descriptors:  *Thermocouples;  Errors;  Mathematical  models; 
Sensitivity;  Transients 

Identifiers:  ERDA/440300;  NTISERDA 

Section  Headings:  14B  (Methods  and  Equipment--Laboratories, 

Test  Facilities,  and  Test  Equipment) 


B-3.  HEAT  FLUX. 

867956  AD- A 103  539/3 

Measurement  of  Heat  Flux  and  Pressure  in  a  Turbine  Stage  (Final 
Report,  July  79-October  80) 

Dunn,  Michael  G. 

Calspan  Advanced  Technology  Center,  Buffalo,  NY 
Corp.  Source  Codes:  058685000;  410803 

Sponsor;  Air  Force  Wright  Aeronautical  Labs.,  Wright- Patterson 
AFB,  OH 

Report  No.:  CALSPAN-6549-A-2;  AFWAL-TR-81 -2055 
July  81  48p 
Languages:  English 

NTIS  Prices:  PC  A03/MF  A01  Journal  Announcement:  GRAI8126 
Country  of  Publication;  United  States 
Contract  No.:  F33615-79-C-2075;  3066;  06 

Selected  portions  of  the  first-stage  stationary  inlet  nozzle,  shroud, 
and  rotor  of  the  AiResearch  TFE  731-2  turbine  were  instrumented 
with  thin-film  heat-transfer  gages  and  heat-flux  measurements  were 
performed  using  a  shock  tunnel  as  a  source  of  high-temperature, 
high-pressure  gas.  Experiments  were  performed  over  a  range  of 
Reynolds  numbers,  based  on  mid-annular  stator  chord,  from 
160,000  to  310,000  and  corrected  speeds  from  approximately  70%  to 
106%.  The  full-stage  heat-flux  results  are  cast  in  the  form  of  a 
Stanton  number  and  are  compared  to  previous  measurements 
obtained  with  a  stator  only,  in  the  absence  of  a  rotor.  The 
previous  results  are  shown  to  be  in  good  agreement  with  the 
full-stage  data  for  the  tip  end-wall  region,  but  the  stator-only 
Stanton  numbers  for  the  stator  airfoil  are  shown  to  be  approxi¬ 
mately  20%  less  than  the  corresponding  full-stage  results.  Pres¬ 
sure  measurements  were  obtained  throughout  the  model  and  these 
results  are  shown  to  be  in  excellent  agreement  with  the  steady- 
state  rig  data  for  this  turbine.  Stanton-number  results  are  also 
presented  for  the  stationary  shroud  as  a  function  of  rotor  mid- 
annular  chord.  The  shroud  Stanton-number  data  are  shown  to  be 
in  excess  of  the  rotor  blade  results.  Rotor-tip  Stanton-number 
data  are  likewise  shown  to  be  slightly  greater  than  the  shroud 
results.  (Author) 

Descriptors:  *Temperature  measuring  instruments;  *Heat  flux; 

*Turbine  stators;  Gages,  Thin  films;  Platinum;  Shock  tubes;  Heat 
transfer;  Turbofan  engines;  Hot  gages;  High  temperature;  High 
pressure;  Pressure  measurement;  Reynolds  number;  Static  pres¬ 
sure;  Test  methods;  Transients 

Identifiers:  Stanton  number;  Heat  transfer  gages;  TFE-731-2 
turbines;  NTISDODXA;  NTISDODAF 

Section  Headings;  21 E  (Propulsion  and  Fuels--Jet  and  Gas  Tur¬ 
bine  Engines);  81D  (Combustion,  Engines,  and  Propellants--Jet 
and  Gas  Turbine  Engines) 
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568654  380041483 

How  to  Measure  Heat  Transfer  Through  Walls  of  Unknown  Thermal 
Conductivity 

Can.  Controls  and  Instrumentation  (Canada)  Vol.  19,  No.  3, 
p.  36,  March  1980 

Coden:  CCISAU 

Treatment:  Practical 

Document  Type:  Journal  Paper 

Languages:  English 

Discusses  the  use  of  disc  gauges  to  measure  heat  transfer-in 
materials  with  eroding  surfaces  or  unknown  thermal  conductivity. 
The  disc  calorimeter  described  is  developed  by  Nanmac 
Corporation . 


Descriptors:  Transducers;  Heat  transfer;  Thermal  variables 
measurement 

Identifiers;  Nanmac  Corp.;  Heat  transfer  measurement;  Trans¬ 
ducers;  Disc  gauges 

Class  Codes:  B7230;  B7320R 
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806238  AD-A090  123/1 

Development  of  Airblast  and  Soil  Strength  Instrumentation  (Final 
Report,  1  May  78-1  January  80) 

Coleman,  P.  L.;  Groethe,  M.  A. 

Systems,  Science  and  Software,  La  Jolla,  CA 

Corp.  Source  Codes;  026555000;  388507 
Sponsor:  Defense  Nuclear  Agency,  Washington,  DC 
Report  No.:  SSS-R-80-4367;  DNA-5225F 
1  February  80  123p 
Languages:  English 

NTIS  Prices;  PC  A06/MF  A01  Journal  Announcement:  GRA18103 

Country  of  Publication:  United  States 

Contract  No.;  DNA001 -7a-C-0244;  H11CAXS;  X352 

The  development  and  testing  of  airblast  and  soil  strength  gauges 
are  presented.  The  airblast  sensors  include  an  accelerometer 
instrumented  drag  sphere  to  measure  dynamic  pressure  and  bar 
gauge  probes  to  measure  static,  stagnation  and  reflected  pressures 
at  levels  to  10  to  the  8th  power  Pa  (1  kilobar).  The  soil  strength 
gauge  is  a  shock  hardened  dynamic  cone  penetrator.  An  analysis 
of  a  slug  type  heat  flux  sensor  is  given.  (Author) 

Descriptors;  *Gages;  Pressure  gages;  Accelerometers;  Tempera¬ 
ture  measuring  instruments;  Heat  flux;  Blast  waves;  Soil  tests; 
Strength  (mechanics);  Earth  penetrating  devices;  Conical  bodies; 
Stagnation  pressure;  Static  pressure;  Supersonic  flow;  Dynamic 
pressure;  Pressure  measurement;  Drag;  Spheres;  Soil  dynamics; 
Cratering;  Nuclear  explosion  testing;  Nuclear  explosion  simulation; 
High  explosives;  Shock  tubes 

Identifiers:  Airblast;  Dynamic  cone  penetrators;  Bar  gages;  Soil 
strength  gages  WU81 ;  NTISDODXA;  NTISDODSD 

Section  Headings:  8M  (Earth  Sciences  and  Oceanography--Soil 
Mechanics);  14B  (Methods  and  Equipment--Laboratories,  Test 
Facilities,  and  Test  Equipment);  79E  (Ordnance--Detonations, 
Explosion  Effects,  and  Ballistics);  50D  (Civil  Engineering--Soil  and 
Rock  Mechanics) 
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Laminar  Flat  Plate  Heat  Transfer  Measurements  From  a  Dissociated 
High  Enthalpy  Hypersonic  Air  Flow 

East,  R.  A.;  Stalker,  R.  J.;  Baird,  J.  P. 

Issued  by:  University  Southampton,  England 
October  1977 
43  pp 

Report  No.;  AASU-338 
Treatment:  Experimental 
Document  Type;  Report 
Languages:  English 

Heat  transfer  rates  from  a  non-equilibrium  hypersonic  air  flow  to 
flat  plates  at  zero  and  12  degrees  incidence  have  been  measured  in 
a  free  piston  shock  tunnel  at  stagnation  enthalpy  levels  up  to 
51  MJ/KG.  Nozzle  flow  conditions  resulted  in  test  section 

velocities  up  to  8.1  KM/S  and  in  an  experimental  regime  in  which 
the  free  stream  was  chemically  frozen  and  the  flat  plate  boundary 
layer  was  laminar.  Estimates  of  the  gas  phase  and  surface 
reaction  Damkohler  numbers  have  been  made  and  the  heat  transfer 
results  are  discussed  in  this  context. 

Descriptors:  Laminar  flow;  boundary  layers,  heat  transfer; 

hypersonic  flow 

Descriptors:  Heat  transfer  measurements;  Dissociated  high 

enthalpy  hypersonic  air  flow;  Stagnation  enthalpy;  Surface  reac¬ 
tion;  Damkohler  numbers;  Nonequilibrium  flow;  Nozzle  flow  condi¬ 
tions;  Chemically  frozen  free  stream;  Laminar  flat  plate 
boundary  layer;  51  MJ/KG;  8.1  KM  S/SUP-1 

Class  Codes:  A4770;  A4725Q;  A4740K;  A4715C 
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An  On-Line  Interactive  Mini-Computer  System  for  Heat  Transfer 
Measurements  in  a  Transient  Turbine  Cascade 

Oldfield,  M.  L.  G.;  Jones,  T.  V.;  Schultz,  D.  L. 

Issued  by;  University  Oxford,  England 
September  1977 

12pp 

Report  No.:  QUEL-1217/77 
Treatment:  Practical 
Document  Type:  Report 
Languages:  English 

A  32  channel  computer  based  data  acquisition  and  processing 
system  has  been  developed  for  use  with  the  new  type  of  transient 
cascade  facility  at  Oxford.  This  is  used  for  testing  turbine  blades 
and  nozzle  guide  vanes  at  full  scale  engine  Reynolds  and  Mach 
numbers  with  correct  wall  to  flow  temperature  ratios.  A  novel 
technique  for  processing  transient  heat  transfer  data  from  thin  film 
surface  resistance  thermometers  has  been  developed. 
Measurements  of  Surface  pressure  around  blades,  and  of  the 
upstream  turbulence  level  have  been  made.  The  cascade  and 
instrumentation  are  shown  to  have  advantages  both  in  cost  and 
effectiveness  over  continuous  running  cascades. 

Descriptors:  Gas  turbines;  Heat  transfer;  Automatic  test  equip¬ 
ment;  Data  acquisition 

Identifiers:  Heat  transfer  measurements;  transient  turbine 

cascade;  Computer  based  data  acquisition;  Nozzle  guide  vanes; 
On-line  interactive  minicomputer  system 

Class  Codes:  C7440 


128644  A77080258,  B77044311 


Developments  in  Heat  Transfer  Measurements  Using  Transient 
Techniques 

Richards,  B.  E. 

Sponsor:  IEEE 

International  Congress  on  Instrumentation  in  Aerospace  Simulation 
Facilities  81  -8  1977 

6-8  September  1977  Shrivenham,  England 
PubI;  IEEE,  New  York,  USA 
VI I -208pp. 

Treatment:  Applic.;  Practical 

Document  Type:  Conference  paper  (9  References) 

Languages:  English 

Presents  three  developments  in  the  measurement  of  heat  transfer 
using  transient  techniques  for  application  to  research  in  hyper¬ 
sonic  aerodynamics  and  cooling  of  heated  turbine  components. 
These  are  composed  of:  (a)  accurate  data  reduction  of  transient 
temperature  data  from  calorimeters  used  in  unsteady  or  time 
dependent  flows;  (b)  the  semi-infinite  conductor  technique  (using 
thin  film  gauges  to  measure  surface  temperature)  for  use  in  con¬ 
ventional  intermittent  blow  down  tunnels;  and  (c)  the  use  of  an 
isentropic  light  piston  tube  for  the  direct  calibration  of  transient 
heat  transfer  measurements  devices. 

Descriptors:  Aerospace  test  facilities;  Heat  transfer;  Cooling 

Identifiers:  Heat  transfer  measurements;  Transient  techniques; 

Hypersonic  aerodynamics;  Data  reduction;  Isentropic  light  piston 
tube;  Turbine  cooling;  Semi  infinite  conductor  technique;  Aero¬ 
space  test  facility 

Class  Codes:  A4780;  A4724Q;  B7620;  B7320R 


863902  A76015805 

Trnsient  Response  of  Circular-Foil  Heat-Flux  Gauges  to  Radiative 
Fluxes 

Keltner,  N.  R.;  Wildin,  M.  W. 

Sandia  Labs.,  Albuquerque,  New  Mexico,  USA 

Rev.  Sci.  Instrum.  (USA),  Vol.  46,  No.  9,  p.  1161-6 
September  1975 

Coden;  RSINAK 

Treatment:  Applic.,  Theoretical 

Document  Type;  Journal  paper  (12  References) 

Languages:  English 

Reports  the  development  of  a  new  model  for  describing  the  tran¬ 
sient  response  to  a  step  change  in  incident  radiative  flux  of  a 
CFHFG  (Gardon-type  gauge)  particularly  as  it  is  affected  by  heat 
flow  from  the  foil  to  the  central  lead  wire.  The  authors  give  the 
step  response  solution,  compare  analytical  and  experimental 
results,  identify  sensitivity  and  response  parameters,  estimate  the 
effect  of  heat  loss  from  the  foil  surface  and  discuss  applications. 

Descriptors:  Thermal  variables  measurement;  Transient  response; 
Sensitivity 

Identifiers:  Sensitivity;  Response  parameters;  Circular  foil  heat 
flux  gauges;  Gardon  type  gauge;  Incident  radiative  flux  step 
change;  Foil  surface  heat  loss;  Foil  lead  wire  heat  flow 

Class  Codes:  2A0620 
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Problems  in  Estimating  Front  Surface  Heat  Fluxes  From  Rear 
Surface  Temperature  Measurements 

Wally,  K.;  Sickle,  L.  W. ;  Keltner,  N.  R. 

University  of  New  Mexico,  Albuquerque,  New  Mexico,  USA 

Washburn,  B.  (Editors) 

Sponsor;  ISA 

Proceedings  of  the  21st  International  Instrumentation  Symposium 
121-6  1975 

19-21  May  1975  Philadelphia,  PA.,  USA 
Publ.:  ISA,  Pittsburgh,  PA,  USA 
Xl*580pp.  ISBN  0  87664  261  X 
Treatment:  Theoretical 

Document  Type:  Conference  paper  (17  References) 

Languages:  English 
(17  References) 

Estimating  front  surface  heat  fluxes  on  a  plate  from  rear  surface 
temperature  measurments  requires  accurate  knowledge  of  the 
temperature  sensor's  response  characteristics.  The  classical 
assumptioiT*  of  an  exponential  step  response  for  a  beaded  thermo¬ 
couple  is  inaccurate  and  can  lead  to  large  errors  in  the  estimated 
heat  flux.  A  model  is  postulated  for  the  characteristic  response  of 
a  beaded  thermocouple  attached  to  a  plate;  data  are  presented  to 
support  the  model.  Direct  heat  flux  measurements  are  compared 
with  values  estimated  by  using  both  the  postulated  response  model 
and  an  exponential  response  model. 

Descriptors:  Modelling;  Temperature  measurement;  Thermocouples 

Identifiers:  Front  surface  heat  fluxes;  Rear  surface  temperature 

measurements;  Exponential  step  response;  Beaded  thermocouple; 
Exponential  response  model 

Class  Cldes:  2B4447;  2C7447;  2B4250;  2C7630;  2C6420 
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Sensitive  Platinum  Film  Resistance  Thermometers  for  Heat  Transfer 
Measurement 

Evans,  N.  A. 

University  of  Pennsylvania,  Philadelphia,  USA 
Sponsor:  Instrument  Soc.  America 

Proceedings  of  the  27th  Annual  ISA  Conference  632/8pp.  1972 
9-12  October  1972  New  York,  USA 

Publ.:  Instrument  Soc.  America,  Pittsburgh,  PA,  USA 
VII*232PP  pp.  ISBN  87664  191  5 
Treatment:  Practical,  Experimental 
Document  Type:  Conference  paper  (2  References) 

Languages:  English 

A  detailed  description  is  given  of  the  manufacture,  calibration  and 
operation  of  sensitive  platinum  film  resistance  thermometers  for  use 
as  heat  transfer  gauges.  For  a  ceramic  substrate  thickness  of 
0.1  inch,  the  associated  circuitry  allows  measurement  of:  steady 
heat  transfer  rates  with  temperature  differences  as  low  as 
0.5  degrees  F;  changes  in  the  level  of  steady  heat  transfer  with 
temperature  difference  changes  of  0.05  degrees  F;  and  unsteady 
heat  transfer  rates  at  frequencies  up  to  1  MHZ  with  temperature 
amplitudes  of  less  than  0.005  degrees  F.  Such  films  have  shown 
good  stability,  the  calibration  factor  having  changed  by  approxi¬ 
mately  2  percent  over  a  three-month  period. 

Descriptors:  Resistance  thermometers;  Heat  transfer;  Thin  film 
devices;  Platinum 

Identifiers:  Temperature  measurement;  Platinum  film;  Resistance 

thermometers;  Heat  transfer  measurement;  Ceramic  substrate; 
Stability;  Calibration 

Class  Codes:  2B4447;  2C7447;  2B4240;  2C7622;  2A0620 
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398699  AD -780  557/5 

Development  and  Evaluation  of  Measurement  Systems  for 
Blast-Induced  Motions  in  Buried  Structures  (Final  Report, 
January-December  1972) 

Pickett,  Stephen  F. 

New  Mexico  University  Albuquerque,  Eric  H.  Wang  Civil 
Engineering  Research  Facility 

Corp.  Source  Codes:  400976 
Report  No.:  AFWL-TR-73-230 
April  74  124p 

NTIS  Prices:  PC  A06/MF  A01  Journal  Announcement:  GRAI7417 
Contract  No.:  F29601 -72-C-0024;  DNA-NWED-J11 AAXS;  X352 

Four  types  of  transducers  for  measuring  blast-induced  motions  in 
buried  structures  were  developed  and/or  evaluated.  Potentiometric 
linear  displacement  transducers  were  evaluated  based  on 
vendor-supplied  data.  Application  techniques,  load  error  analysis 
and  vendor-suggested  improvements  were  also  studied.  A  gage  for 
measuring  relative  structure/media  interface  (shear)  displacement 
was  designed,  developed,  and  tested  in  teh  CERF  2-  x  40-ft  shock 
tube.  This  gage  performed  well  over  the  low  displacement  range 
for  which  it  was  designed.  A  seismometer  for  simultaneously 
measuring  absolute  structural  displacement  and  velocity  was  also 
designed,  built,  and  tested.  This  transducer  also  performed  well. 
The  suitability  of  WES  Air  Force  Modified  (WAM)  stress  gages  and 
Simmons  concrete  stress  gages  for  measuring  dynamic  structural 
media  interface  normal  stress  was  tested  in  the  CERF  2-  x  4-ft 
shock  tube.  During  this  test  program  unexpected  results  were 
obtained  because  of  reverberations  in  the  test  configuration. 
Although  the  results  were  useful,  the  data  were  not  adequate  for  . 
complete  evaluation  of  these  gages.  (Author) 

Descriptors:  *Underground  structures;  *Blast  loads;  *Measuring 
instruments;  Potentiometers;  Transducers;  Stresses;  Seismometers; 
Shock  tubes;  Dynamic  tests;  Nuclear  explosions 

Identifiers:  NTISAF 

Section  Headings:  148  (Methods  and  Equipment--Laboratories, 
Test  Facilities,  and  Test  Equipment);  13M  (Mechanical,  Industrial, 
Civil,  and  Marine  Engineering--Structural  Engineering);  18C 
(Nuclear  Science  and  Technology--Nuclear  Explosions);  19D 
(Ordnance--Explosions,  Ballistics,  and  Armor);  73D  (Methods, 
Instrumentation,  and  Equipment--Test  Facilities,  Equipment, 
Methods,  and  Laboratories);  77D  (Nuclear  Science  and 
Technology--Nuclear  Explosions  and  Devices) 
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A  Program  to  Induce  High  Blast-Induced  Airloads  and  Structural 
Response  of  Lifting  Surfaces 

Jarvis,  R.  L. ;  Kaspar,  J.  J.;  Mills,  R.  R.;  Wolf,  I.  O. 

Aircraft  Armaments  Inc.,  Cockeysville,  M 

Corp.  Source  Codes:  000000 
Report  No.:  ASD-TDR63  764;--V2 
July  64  2p 
See  also  AD-436  1 14 

NTIS  Prices:  PC  A02  Journal  Announcement:  USGRDR 
Contract  No.:  AF33  616  7099;  1350;  135002 

Six  experiments  were  conducted  to  measure  the  transient  character 
of  the  airloads  induced  by  the  interaction  of  blast  generated  shock 
waves  on  a  moving  airfoil.  The  tests  were  conducted  on  a  rigid 
(airloads)  model  of  swept  planform,  similar  in  type  to  a  B47/B52 
aircraft.  Airfoil  motion  was  simulated  by  the  shock  tube  which 
produced  a  jet  flow  of  Mach  0.7.  Shock  waves  were  generated  by 
explosive  charges  which  were  varied  in  size  and  proximity  to 
obtain  airloads  on  the  wing  that  changed  both  the  angle  of  attack 
and  blast  duration  through  a  range  from  small  to  large.  The  wind 
specimens  were  heavily  instrumented  with  pressure  transducers  to 
measure  the  time  history  of  the  variation  in  the  airloads. 
Response  of  the  wing  to  the  airloads  was  measured  by  strain  gages 
and  accelerometers.  Pressure  instrumentation  was  also  used  to 
measure  the  character  of  the  blast  environment.  Blast  parameters 
were  varied  to  obtain  induced  airloads  with  nominal  values  for  the 
angle  of  attack  of  8,  20,  and  30  degrees.  At  each  of  these  angles 
of  attack,  an  experiment  was  run  with  a  short  and  long  duration 
shock  wave  to  study  the  effect  of  decay  rate  on  the  airloads. 
(Author) 


Descriptors:  *Airfoils;  Shock  waves;  *Wings;  Aerodynamic  load¬ 
ing;  Swept  wings;  Airplane  models;  Shock  tubes;  Lift;  Blast; 
Angle  of  attack 
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Blast  Tests  of  a  Mobile  Satellite  Tracking  Antenna  and  of  Two 
Model  Antennas  (Final  Report) 

Abrahams,  Rodney;  Bertrand,  Brian  P.;  Pearson,  Richard  J. 

Ballistic  Research  Labs,  Aberdeen  Proving  Ground,  MD 

Corp.  Source  Codes;  050750 
Report  No.:  BRL-MR-26G1 
August  76  63p 

NTIS  Prices:  PC  A04/MF  A01  Journal  Announcement:  GRA17623 
Contract  No.:  DA-1-W-162118-AH-75 

A  mobile  satellite  tracking  antenna  was  subjected  to  blast  waves 
emerging  from  the  open  end  of  an  eight  foot  diameter  shock  tube. 
Response  data  were  obtained  by  the  use  of  strain  gages  and  an 
accelerometer.  Two  similarly  instrumented  simple  model  antennas 
were  also  tested  within  the  shock  tube.  (Author) 

Descriptors:  *Parabolic  antennas;  *Satellite  tracking  systems; 

*Shock  resistance;  *Satellite  communications;  Shock  tubes;  Scale 
models;  Response;  Strain  gages;  Blast  loads;  Accelerometers; 
Antenna  masts;  Shock  waves 

Identifiers:  AN/GSC-86;  Communication  antennas;  NTISDODXA 

Section  Headings:  9E  (Electronics  and  Electrical  Engineering-- 
Subsystems);  49A  ( Electrotechnology--Antennas) 
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Development  of  Airblast  and  Soil  Strength  Instrumentation  (Final 
Report,  1  May  78-1  January  80) 

Coleman,  P.  L.;  Groether,  M.  A. 

Systems,  Science  and  Software,  La  Jolla,  CA 

Corp.  Source  Codes:  026555000;  388507 
Sponsor:  Defense  Nuclear  Agency,  Washington,  DC 
Report  No.:  SSS-R-80-4367;  DNA-5225F 
1  February  80  123p 
Langauges:  English 

NTIS  Prices:  PC  A06/MF  A01  Journal  Announcement:  GRAI8103 

Country  of  Publication:  United  States 

Contract  No.:  DNA001 -78-C-0244;  H11CAXS;  X352 

The  development  and  testing  of  airblast  and  soil  strength  gauges 
are  presented.  The  airblast  sensors  include  an  accelerometer 
instrumented  drag  sphere  to  measure  dynamic  pressure  and  bar 
gauge  probes  to  measure  static,  stagnation  and  reflected  pressures 
at  levels  to  10  to  the  8th  power  Pa  (1  kilobar).  The  soil  strength 
gauge  is  a  shock  hardened  dynamic  cone  penetrator.  An  analysis 
of  a  slug  type  heat  flux  sensor  is  given.  (Author) 

Descriptors:  *Gages;  Pressure  gages;  Accelerometers; 

Temperature  measuring  instruments;  Heat  flux;  Blast  waves;  Soil 
tests;  Strength  (mechanics);  Earth  penetrating  devices;  Conical 
bodies;  Stagnation  pressure;  Static  pressure;  Supersonic  flow; 
Dynamic  pressure;  Pressure  measurement;  Drag;  Spheres;  Soil 
dynamics;  Cratering;  Nuclear  explosion  testing;  Nuclear  explosion 
simulation;  High  explosives;  Shock  tubes 

Identifiers:  Airblast;  Dynamic  cone  penetrators;  Bar  gages;  Soil 
strength  gages  WU81 ;  NTISDODXA;  NTISDODSD 

Section  Headings:  8M  (Earth  Sciences  and  Oceanography-Soil 
Mechanics);  14B  (Methods  and  Equipment--Laboratories,  Test 
Facilities,  and  Test  Equipment);  79E  (Ordnance--Detonations, 
Explosion  Effects,  and  Ballistics);  SOD  (Civil  Engineering--Soil  and 
Rock  Mechanics) 
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